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!• SUMMARY 
An inwatlgation was oftrrled out to develop an ©oonomlcal 
process for making nitrogenotw fartillzeri from amonla and 
Gslluloaio wast© mattriala auoh as corncoba, oornstalks, and 
oat hulls• In thla endeavor, two different methods war© in-
v@stlget@d» 
One msthod was based on hydrolysis of the hemio©llulos#s 
in these mattriali with dilute solutions of mineral aolds or 
salts followed hj aamoniation with anhydrous anmonia of th# 
hydrolyaat®* With eorneobSj when 8#2S p®r e«nt sulfuric acid 
and' a liquid/aolid ratio of 2*0 waa used for hydrolysit, and 
amiaoniation was carried out slightly ahov® room t®mp®ratur«„ 
a product waa ohtainad containing f#4 per cent total nitrogen 
of which 4.2 per cant was organic nitrogen (Product A)» With 
th® aam© hydrolysis conditions and an aamonlation tempsrature 
of 249® G«, a product was ohtainad containing 9,5 per cant 
nitrog#n of which S6 par cant was organic nitrogen .(Product B). 
In Product 4|. 86»4 par cent of th© total nitrogen was water-*-
soluble, and in Product B only 17.6 per cent was water-aoluhle. 
iormal and concentrated superphosphates or dilute phosphoric 
acid in the hydrolyaia atep did not result in as much organic 
nitrogen aa aulfuric acid. 
fh© second method involved the ammoniation of the cellu» 
l©si0 mafceritla with unliydrous amoEift# By this pi»oe#ss# a 
proiuat eontainlng 4t6 ptr mnt total aitrog®K was obialn®<i 
with ooraeobi at a teap«ratuj?® of SOO® C» ifroAmt C)« In 
this pi»oduetf mil th© nitrogen ma organlo and none of it was 
wtter^ -sciluhle* 
Smftll»soale engineering equipment for produetlng Produot 
A -was built and teitedf Products were made whieh were essen­
tially the same ta thoiepprepared on a laboratory sofile» 
An ewluatlon of ^ r^oduota A, B, and C aa fertilizer mater* 
lals was ,made• . feats were mad® to detenalne ehemleal.stability, 
hygroscoplolty,, and taking eharao.teristies* fhese tests showed 
that %odu©t8 A, B, and 0 could be used In mixed fertillsera* 
.Greenhouse plant»frowth teats were carried out# Product A 
proved to be better than Milorganite, a ©oamerolal nitrogen 
fertilizer ftade from sewage| and was aljnost as good as amiaonlw 
sulfate# Produets B and ^  did not oompare well with Product 
Jkf ajmnonium sulfate, or Milorganite In the plant-growth testsj 
howeverji under different conditions of a longer growing season, 
these two produo-ts might be better# 
A preliainary cost analysis Indieated that Product A aiifht 
oompete with aamonlum sulfate and could easily undersell Milor­
ganite, 
It Is reeoamended thit further pilot plant work be carried 
out on the production of Product A» 
IX.  IHTROOTO'TIOS 
fhe oommerclal utilization of agricultural waste materlali, 
sush as eorncobs, c«r®®l straws, italks, hulls, and Mgasa®, 
hat' attractfd intersst for umtxj years* There ar© nearly 200 
million tona (SO) of these agricultural wast© materials pro* 
duotd annually. About 1*? million tons (52) of oorncobs w®re 
produced in the year 1949, of litiich about S million tons mvB 
producQd in th© stat# of Iowa» In addition to farm residues, 
it has b@®n ©gtiiattd (71) that th@r® ar® about SO million tons 
of sawaill wast® produced annually, whloh ar© aimilar oh®mioally 
to th@ agricultural weat© materials# During th© yeora 1941» 
1946, about g00,000 tons (48) of cobs w@r« u®©d for various 
p^urposes# 
Becaus© these mat© materials ar© spread ov@r larg#- areas, 
their cos.ts as industrial raw umterials ar© mad© ixp largely of 
collection-and transportation oostf» fh® amount of wast© mater­
ials actually utlliztd is relatively low as oomparod to th# 
amount gvailabl®. Large amounts of cottons©@d-hulli, oathulls, 
and corncobs ar© us$d for the production of furfural#' About 
150,000 tonf (so) of corncobs ar© ustd p@r y®ar in th© pro* 
duction of furfural# The manufacture of corncob tobacco pipes 
utllizas about IS million cobs per year (60). Corncobs have 
been used for auch varied purposes as vinegar manufacture, 
chicken litter, fur cleaning, and ioft-grit blasting of metala. 
•4"*' 
Oornoobs haw been Hated (36) ts a fertlllztr conditioning 
agent but th© amount of ooba actually used for thia purpose 
ia unknown# Arnold(17) has written of other uses for agri^ * 
cultural wastes and surpluaea# 
Inasmuch as the fertilizer oonstmption in the United 
States was about 15 million tons (81) in 1947, it is possible 
that large quantities of agricultural waste materials may b® 
mde to aerve as a filler or conditioner in them# Frobably 
the main advantage of using agricultural waste materials ii 
their low cost# AliOn a premium ia placed upon organic nitro-
gen becaui© of its water-insolubilitj# o^r example, recent 
efforts have been 'niade to perfect a slow-releasing, nonleaching 
nitrogen fertilizer in the fora of urea*form preparations# 
fhe name, urea-form, la applied to a class of urea-formalde-
hyde reaction products which is suitable for fertilizer uae# 
Usually they contain 36»5B per cent nitrogen and about 4 per 
cent water and are much less soluble than the nitrogen 
fertilizers in present day uae# 
Ordinary cobs are low in plant nutrients# On a 9#6 per 
cent moisture baaii, the literature (50) has reported the 
fertilizer constituenta in corncobs aa follows J 
iitrogen (N) 5. 0'#S7 per cent 
Total ftaoiphoric Acid (PgOe) a 0#09g per cent 
Potash (KgO) m 0#8t per ceat 
Dh@ organ lo oonitltuents of QomootiB fti»® shown by th@ 
following analjiii i 2 & ) t  
Pentosans s 28#! per cent 
Ctllulos© « S6#5 p®r c®nt 
Lignin g 10#4 p®r o®nt 
4th. s 1»48 per ©ent 
Alcoh.ol»lj®nz«n# solubles » 6»iO per cent 
Unidentified « 17#22 per oent 
fhu8# it is seen that if nitrogen could be fixed to th© 
residue struo'turtf a source of organic nitrogen might be ob» 
tain©d»- In genera I» organic nitrogen has a lower rate of 
awllability to orop plants than other nitrogen forms, which 
ii adirtnttgeoui • Bear (11) has reported the availability 
numbers of nitrogen in the different forms as follows s 
Nitrates • 100 
Aamonim compounds g 90 
High grade organios" • 80 
Other workers (15) (83) (6) (79) (74) (27) have found that the 
use of part of all of plant residues has•definite soil condition* 
ing properties# 
According to Bear (10), organic nitrogen fertiliEers 
would be eaptcially adaptable to (1) regions of heary rain­
fall end iiindy soila (under these oonditona, the leaching of 
nitrates is excesslve)| (B) soils highly seturated with water 
(here, the nitrogen of nitrates ia ineffective by reason of 
lois in elemental form as a result of denitrlficatlon).# 
In the fertilizer field, the possible use of agricultural 
m,§.m ' 
, with wiiloh ultrogtti Ms bttn eoalalned iiauaiarliei 
tlient 
( l )  is « filltr-
(g) As a i0ll eonditiomr 
<g.) As « f|®M ei*op 
14)-As a. speolfeXty fertlllsfix' 
Althemgh, It la not known oi? aot th» proesssts 
€#torib©(i •In fefais lawstigiition .will briag about asi iaoreat# 
in th® nitsr®g#a -smpply, there it actually a n#@(i of mop# nitj?©'-
gm iertilizw* A®©©rding t© ••^ 'aaob (4§J, th© worWwiA© .d®»ajnd 
aad supply for »iti»og®n for th® period lfS0^ 19Sl is as follows t 
,• Pro^ aetioia ©apacitj 162,000 mttrio- tonfl 
froductioja • S|t,067tO©O metric tons M 
Stated ra<|«ir#»®sat for crops m 4;$f$0§0O metrit ton® M 
fhe • pur-poi# of this • IttTOStigttioa ma to de-rtlop nitrd-genoas 
fertiliser® bj treatment of • «gridultur® 1 wait® «®.t«rials wltla. 
itahirdro.ms -amQiiia#. fwo fiistinot mathoda, wtr®' One method 
iiiTOl'ir«A th® hydro If iii of th@ psntosaas toj w®«k atids or othtr 
hfdroljMiag ag«ttt3 follow@4.-toy ammoniatioa of th« hydrolysis 
product. fh« a«oon4 method was Qonctratd with th# reaotioa 
h&tw-ma doracolii «»d anisydrous amnonit ®t higbi t«mp«r*tiaa»®f • 
m. : 11?Ill » fis 
fh# ©f isi%r©g«a'-lii %l3y® strttftw# ®-f ®#llwl©aif 
wast® mteplmla is, not mm* 'fast; laves tig* t©i?8 tow earipled 
©ut the f0ll§wlaf m«tli©is, Qt terming ©i»gftal® aitrogtR©«8 
fettilii®!*! 
|i).l«®#ti0ri ©f etllml©gle »t®riftls aM ©%h«i' 
OFganl®# with njamtait,.' 
(2) IssetloB-©f oygaai© .witt®3? witH teld ow aeidi© 
e©®p@mnds toj aMi©ni»tioa of tfei 
A» Mm&tiQn of 4BM0nla with Gtlltxloaie 
iRteylftli tad Otfeter %gftai®s 
'ClSar© and Frsate hnmi& «elds> fegetatol® 
aattsy, m p»ftt to sliglat oxidation at t©mp®rfttmr@s of atottt 
SO® t® S00%. fej m&nM ©f ©xygta-eoataiaiag g«®@s, paptieularlj 
*11?, mat ti»ii pasted mmmomim gm» ©wf th® pi-oduet aa4 obtained 
« a£t3p®f«is©mi whieh @ontftiii«d 10; t© iO' p#? e«at 
®f nitmgm oj? m?®# & a® ©as® did Oar® aafi 'fsiaite ©arry out 
tim pwmms la m mtmmplmm @f ®s®«ntialXy pwr® nmsmiiAm Q&m 
«nd Wmmk elmin tMt %h» yi«M mm%iQm&d ate@w' is aff®©t®cl l&y 
ln©.3?#asti ^ #ssiiF«» 
la a 8i«ilap »«»»#»'» Itetab#!*® aai. l#lffl«ii |i9) heated 
Biat«yl«ls ©f plant ©riglB. or ir®g»t«l)l® ufid®r presaup# 
wltli aaooaiik aad all* m ©ttotr gs.»«s ©©ntmiaing oxjgsa, l©wtT®i», 
llirtnberg aia<l l®iiiaa usti ttaptntur#® ©f iO0® t© iiO® e», 
mnd pressures of 50 afcmospheres. Irasaus (50) h«at®d carbo-
hydrat©! of plant origin sueh as wood^  sugar# o®llulo8©, ©te#, 
under pressure at 300o G, and obtained a product eon tainting 
up to 05 per oent' nitrogen# 
%i©n oellulose was heated to g60~S00® in an ataioaphtr® 
of ammonia, Dragunoir and Zasedatelera (25) obtained a product 
containing about t per cent nitrogen# Wb,®n they reacted 
cellulos© with a mlxtur© of air end aBimonlaij a material con­
taining about 30 per cent nitrogen was formed. Additional 
similar t©ata were mad© with birch sawdust, and approduct 
conteining about 20 p®r cent nitrogen was obt»in©d# Thes® 
particular investigttloni of Dragunov and Zas@dat@l©Ta w©r©, 
carried out at atmoaphtric pressure* 
Bragunov (24) obtained a Buss Ian patent on a process 
wherein peat, lawdust, or other celluloalo containing sub­
stances was treated with arainonia end an oxidlz®r» fhis mate­
rial w.as washsd wlth water and treated;.:ftgain with ammonia and 
finally dried. 
Zuga©r (87) .treated organic matter iuch as p©.al>, sawdust, 
and cellulose -^ Ith aBimonla in an electric fwnac© without air 
to give a product containing about 8 p®r cent nitrogen* An 
optimum temperatur® of 280® to 300<^  C was found and th® time 
of reaction waa S#5 to 3 hours# In th© presence of air, a 
product with 17 p@r c®nt nitrogan was obtained* Zuaaer stated 
tlaat th© nitrogen In these prodmots was not available^  
Aamonlstlon testa at eleimtad preasures and temperatur@ 
were carried out by Da-^ ia of the U. S» Department of Agri­
culture on aawdiist, garbage, sewage sludge, corn huski, pea­
nut hulls, and other plant products# Unfortunately, theie 
Inveatigations were not published# However, Dafia (21) stated 
that sawdust and other materials generally absorbed from 2 
to 4 per cent of aiwnonla. 
Scholl and Da-rii (7g) found that peat met the requirements 
for a nitrogen carrier much better than did agricultural wastes* 
At 300® G» and at atmoipherio pressure, Seholl and Davis obtained 
a yield .of 9.42 per sent nitrogen in the aMionlation of peat» 
fheir stiudles were not carried omt beyond d>OO^ Gm '%ese workers 
found that the amount of nitrogen contained in the final 
product was not only influenced by the character of the peat 
but also by temp® rat tire, preaaur®, •moiatur© content, and time 
of treatment* 
In a later investigation of the same products. Davit and 
Seholl (22) found that aaanonia concentration and water content, 
within certain limits, appeared to exert slight influence on 
the yield of nitrogen* h^e water-aolublllty of the nitrogen 
in the product was found to be lowered by longer reaction 
ptriodi and by higher temperature!# 
In a flight va:blation of the preceding investigatlona, 
Davii, ioholl, and (23) added ammoniuai carbamate, peat. 
•10-
indi Tariitbl® aaeunts ©f' %© a boaib# fiws t®ap@p«%»i»# 
wai k«M «t 17f® t© ISl® 0. f#? a period ®f f©mr kowa* 4 
&t n$ t© a I per ©tut nitrogen ma •^tot«in#d# 
Wttst# sulfite litw@r WB nmoaiated toy Riillips, Qm»t 
lr©wn, a»d leld (65H®2)# 4 field ®f aMtit 8 t© II '§&t eent 
iiitr®ge» was ©ijtainedt flwiir 'i^ rk 'ims ©mrried ®mt in a 
«t t temferatiare ©f 220® 0. f©v a period ©f 4 t© SO h@ari» 
ttreentomi® p®t fceati were riaa und it m$ foiaad tMt ttm fer­
tiliser aaterial prepared by their pr®«edmres did n@t eoapare 
mrj well with. »t«adftrd nitr®g»n sowtes as lalQg and 
«ill«r (i7) mfflmoBimttd s«g®r beet palp ia an awt@©l«ire 
«t a pressure of tO lbs.|fia.® nM ©btaiaed a yield of 4*®a 
per eeat aitrogea* the amoniated beet p«lp was fomad to be 
p8l«t«¥l# for aninalsi. Millar made no meat ion of msing Ms 
produets for fertiliier# 
apeyfttt Ciil ©srried out & proteea wliereia oellulose or 
©elltjlose deri'Wi.tlvei art ©amaed to reaot witfa awionia or an 
organi® iiitrog®B-©ontai»iftf eompound smeli ai e%IIg or di-
etlaylaaiae in tli# presenoe of a metal or setal ©oapomd a» a 
©atftlyst, imoti a® li, fe, Si»» or sulfate of Ife or Qu* 411 
©f tli® work iHtvolved pressures abO've atawasplierle. 
Sugars ^ MuTe heea aMoaiated# faanet C'78) heated dex­
trose with atmeott® mmmniA at lOO®^  §» and obtained two . 
diaiines. 
• fiuek. Inward, ana'Iil¥@Ft. {®S) saapltt ©f p^ at# 
•a|ifTii»«ms i«Ete0s«, st&rth, and ©«llml©s« witli liquM 
«won.l« in tfei#'tati® @1" #a® ©n« fti^ l.80^  t^T 14 iiowi. 
fiit' »ltr^ Qg©tt yiiiXi-in %he »BiBQalat«4 was 0*8 to t.i 
pm mnti, • -
iMmnd CSSi ©telttiatd a pi.t«at ©» Iht' pi*o«#si ©f ©oh-
feaetlag &n mMos® sugar in'm sm"b®t»n.ti«Ily anhfdrotti condition 
with «n titotas ©f aahfdi'cjma a.i®»©nla ttnd«r a pi»«BSw# of at 
l«a*t 100 and'a t®mp®riitw® of about SO t® to® e* 
md wmmmielng a ©ryatftllirB rt&otloa prodnet fy©m th® r»«etioa 
••% this pF@««dwr®, #tet»lo®a & fi®W of t»g 
p«i? ®»at flitro„g»ii from tlm r»-*oti0a b«tw««ii &nhf^ 'Qm xjloa^ , 
aah.jii»©'tti &l©ohol> aM liqwii »»®0nl*. 
A m%hQ4, -©f pFoduaing' mm%l9n pfetoct* ©f asKonia 
»M tliss# sttgafs toy Xliif (€i.). 4.t©®iNiing' fe© 
proeeAurft tb..« «1jI©s» itigsr ii ia a amUataatially 
e©»<iiti©a witii. aajaoala ia tli« prmmm^  Qt m «ei€ 
eatalfst, fh^ -'&eafclng Ifcawitd ®m% d«iirabl.j at a t®®p«rii-
tw# withia %lm mng® ©f atoomt SO® 0» to a%om% iO® ©« Ff©a 
th® remefciQa of glaeial ftcetie aeid, »«tkyl ftltoboi 
and li^ ttid awmonia m%- a t«:mp®ipa%w@ of SO® 6. t© fO® 1. and 
a reaction time of 4| tows, Sl.«g ®fetai»@d « yi«ld of 9*1. 
e«nt nitrof#^ * 
fcrtia «nd fiMlll C©S| hmT® d»serllJtd i5ro®#siiis ©a tkt 
fixation ©f iiitf»@gf>a la aai ©®lXml@se d«?lvatlws 
BOt mlf by aimi,0nifttton tej aitr©g®a ©nwitys' imefe 
as »gaaie fe«s@s, al%i*le aeii,-and hy<lr«g«a gait 
*lt (Si) m&9 a gradMtlly afStilafel# toy 
hmting. &. aixtttr# ®f aa cwri#r 'and e©ffip@ttn4s wljdcli 
w%m yuaetlv© to w#« uM«p prtaswr® with an 
sWtiifi# t# ® ttap^ r&tw® m%. wM©li aai iN?l®tlwl7 
iaseluW# w#re fofwii. ftiirls (MB) 
la# f©md ttot s#*# urns f®r»i ia iais fi?0<ltt©ts, 
ioat M«n%i©.a skomM »i« of tt.® pmpmmtlm ©f 
•ei*i'm a i j i f#® @.y e@a|>@i%s i$B} im) iM) i$§} iW iM) * eamalli'# 
sttp«fph9i(pb»t«» p@t*ssittM slilorid## ©r wr®« ttlmtioa ®f« «M®S 
to ©fgiisi® MVL^ h R»' straw* this mlmtur# is Mixti 
fr«%tt«iitly tud «13.®w«i tQ stanA f®r a fwsytQd @f w«®tes# It ii 
ttaliktlf tl»% nl%r©g#a it fix«4 bj tli® ®#llul©ai© 
of th« straw# 
B# I'tsetioa ©f C^ gaaio Ifett®^  witii. 4eisi or 4@iAl® 0#ffigomiiSsi 
f#ll©w«d hj kwmml&tlQU ©f th« R«stimf 
(60) trt.at«€ a laisttur® <if ealeim plietptoit# «bA a 
p93*am« aatsrial at p««t p®wttr, mUm iiiit# i#w®g« sluag® 
pQwieri, e©rtt®©i)s witli smlplimrie meid ©3? aulphm gmms ia 
tfA®? t® ©sa'Ttrt th@ ®ftl©i«a pli©spl»t® t© taltlmm, imlfat© aad 
ph.mplmwl& aeid» fhm ytsitm® lai tjpsated with aaimonit.# fhii 
patent Alt not st«t« that liyarolfsis of %lm ©©llmlosi© mttpial 
%©©k pla©«* til® purp©i® ©f tM' pmit ®k€ ©.©iraeofes *i« 
t®•• lner®»»# • the m th# 
laltoa and 8ai»dln©r (SSl dM#d a melt ©f plioipherle 
meld AM tt©ii@p©titJil«ffi phosfiiist# • t© p©at amd %h%w mMsA aamoaift • 
t© ths fvm «©M.* fb©:Riferog®a sf tht p«at wms mad# 
,a¥Sillabl©i^  tat « wtix@<l'fsptlllaser o-f ©xetlltnt • phf'itiettl: 
.obtalaed* • • , 
?«ge-tai}l#.-©r'ftaSafti ®* g*, drit4 leavea or-
seraf •.partlj hjii»olys®d % All3#rt CS) Isj aieaas 
©f phospherlo add mud th® • prodmet ^ was n®"utpialli:t«i wltfa aisfflsnla* 
Dllut® sowmejpeial phosphori© aeidi tampersturtB ©f 8©®' t© 180® 
Gmg and any pswssure np to four ataosph®!'©® *y to© emplef^ d* 
In his patent tlstaa, Jkltotrt stated, that aold aay 'b® us«4 t® 
tm&% the plant wast® • material® htfor® «,ai»oEistloa* In p&r» 
ticttli.r# h@ gpeoifi#d th© ui© of phosphorl© nold# 
la their irivastigitlons oa th# «lk«llh# • osidfttloa of 
llgftlii, ffsM© ®Gd Hlxon (84) hjiroli-sed ©a.t hmlla with 0»i I 
hydroehldri.e a.sii md dif©it®d th® rtsidu® with atmeomi mmmm%m» 
fht rtiulting aixtttP® was fliter®d and th# mmmonl&t&d ligniB was 
trm th# aameaiiical liquor# fhls llgaln e©nt®ln«4 
ab®tit 3 p®r eeat of nitrogen which WaM® and, Hixon ssia was 
as»©©iat«<l as mn laptiritf'# fhe ^ ©rk &i ©IftMS {If) w«« slmlMr 
t© that of laid# ani lixoa* 
In & aov®l proetis,. Millar (S6) hydroljs®d ptatotin-ooatain* 
lag o.#llttl©sie mattrlals in the pi'saeno® of water a.a4 
•i4'» 
&nj suitable quantity of an acldTeactlng orthophoaphatt salt 
sueh »8 monoealoium phoapiiat®, iitmlbaslG ealelum phosphate, 
hemihasie sodiim phosphate, aluminum aoid phosphate, and eal-
diuffl M®t^ >phosphate* Th® pentoi^ a, when fomed ar® dehydrated 
t© mak® furfural, and the^  furfural and wattr ar® separated 
from th# p©ntoaan*d®pl®t@d oelulosic material# Th© organic 
r®aldu® ii than aaaaoniatsd and, if desired, th© aniBioniated 
rtsidu® aay "b© Ineorporated with a auppltasntary plant food* 
lldaka (4?) treated fishes or seeds with 8 to 10 per 
o@nt.aulfurie aoid, ateamed, and praiatd to s«parat© Into 
liquid end solid protions# fhe oil was separated from th® 
liquid ..protion and th® oll-fr®© liquid was n«utrali2©d with 
aBMonium hydroxldt or potaasium oarbonat© and ooncantrated 
hy ©wporators or dried with other auhstances, ®. g», rlc® 
hulls or olayii 
Another, huao-nitrog®noui ferfclllzar was mad© toy Casa-^ ola 
(18) who allowsd organlo matter sueh as lignit®s or peat to 
r®a©t with sulfuric aoid and than saturated th® residu© with 
aamonia* 
Ouadagnl (34) powd©r®d silkworm pupae and r©aet@d this 
mat®rial with aulfurlc asid* Th® residue was neutralized 
with aiaffionla* 
lathrop (49) and Roas (69) prepared a fertilizer toy 
treatment of various trad© waatts and refuse, aueh as hair, 
garbagt, tankage, leather scraps, ©to* with roek phosphate, 
and the requisite amount of sulfsiyio aoldt* %w©v@rr Ijathrop 
did not ammoniat© the' residue# 
.|S* 
, If. wmmmiQAh soiiibiemiciis • ^ 
A# latroimttloii 
fM %h^ 99 MiJ©*- ®®nstltttiiats ©f th» mil mil ©f 
e#llul@ii© wttpial ai»® , ani llgnlii# 
e«llmlos# ia oonsi«itr«d mmf iif»k#rs in fell© fit Id, 
smeU »i fiaal«f (SO), ts b# & tsgmlti* eliaim malts 
J-oiBtd In glmeesiiii© union «% ©«i»b©js *» 4 at f©ll©iwt 
H 9^ H cHspH 
Hemstr C4i) «siw@i ©htia ii ©pta tad 
tshertfor# p©ss«aa»s %m %«2»min«tiBg maits whiefe ai?«, diff«.r®m%' 
from th© «st «md wrltm tto® ©onid®ns®d f©S"3B».l« ass 
G6«n% -'|0:6%o0g)^ '-
l#mio«llml@s«i w®r« a«»®d b j  .S©kmlg® ( 7 3 )  i l & § l )  
gi»@mp ©f e'0»»titiat®)at# ©f th@ e®lX wiiisii, mnlii:®' 
©ellmloi®, w#r# s©l«.^ l«'ia dilmt® alkali®® and ir«re feadily 
Iiydr©lys5®d %© p®»%©i®s and li®x©s®s# 4ng«ll aad lorpia (i) have 
said tlwit til® frtt©%i©nttion of h®al©®llml#s®s is la.:rg«ly pfcLyti-
@al aad tliat p?®tea"bly th® fjwetions repyeitnl a @©m|jl«*' 
aixtu«. fy®@®© iff) feas ®epaj*®l®d, th.® li®wi§®ilml@»«® ©f 
#©Fn@oba iat® fQiif f3?a©tioii®.. 
fl) Hemic®llulose A which, yields ©a }^ dy©ljsia 
xylose and a uronic acid 
(i) H®Biic©lluloses .Bl ar-d n 1 vM©^  yi»la wrjittg 
amounts of xylos#, uronio aold, ftnd methyl* 
psntoa® 
{3) Hemlotllulos® C 2 which gives arablnose,. 
uronic Held, and methylpentos# 
Pr©eo® found that th© hemic®Xluloses are whit®, nmorphous^  
non*reducing powdtrs# 
B®nn«tt (Ig) gav® th© formula for one fraction of th« 
htaicellulos®! of corncobs as follow®? 
CCgHgO^ J^  ^• (QQEiqQ^) • 
fh@ molseulmr weight waa about 6500# 
Andtrson and workers {4) said tl^ t th® hemic©lluloses 
in wood tr® a mixtur®, «nd that thsr© ar© about 10 to 19 
xylan groups In wood# 
Plrst®nb«rg®r (31) presented th® sftruotiir® of a xylan 
fragmant as followss 
fhllllps {61) foimd that the llgnln In corncobs li xm* 
©qually combined with the carbohydrates# part of it being 
loosely bound, possibly in the form of an ester, and the re­
mainder being more firmly held, probably in the for» of sn 
ether-like oomblnfttlon. Harris (39) said that lignin contains 
six aethoxyl groups, four hydroxyl groupt, and two ethylenic 
double bonds, larrla presented the formula for lignin. mij 
C42%008(OGH3)e(01)4* 
Shorygina and'CKefell (75) found that lignin from several 
17-
soupQjss Is mbout 89 per eent dsoomposed by sodium in araionia 
at atmosphsria pressur# and hair# reached th@ ooneluaion that 
th© @th®r link it the oain typ# of bond* 
B# P3?oduots Resulting from th# Reaction Between Celluloaie 
Wast® Material® and Amaonia at Elevated fiBperaturss 
In this lnv€(Stlgfttion|, th« reaction b®tw@®n anhydroui 
anmionia and c©llulosic materials waa oarritd out at ttmosphariG 
pr©8sur©» Ho att#mpt was mad® to condeni© any matarial from 
th« volatil0S» Therefor®, th@ anmonisted r@sidu© ii of inter®st 
to us • 
% th# thersial deooaposition of etllulose, H#us@r (42) 
aaid that th© reducing pow©r incr©as®a, whioh indioatas that 
aldshyd® groupings increase• According to Dragunov and 
Zaa@dat0leva'{25), a great part of th© eellulost in drj dis­
tillation desomposes to glucoa®, and this deoomposing .liter, 
forma prinoipally aoetic acid, then forsio, propionic, and 
butjrio aeid* fh® formation of glucose indicates that a 
splitting of the oellulosic structure occurs at carbon • 4» 
It ii very probable that various cjclie compounds are for«©d» 
If th# ammoniation -ia carried out in an atmosphere of 
essentially pure asroonia, it ^..la unlikely that oxidation occurs* 
-18-
MQwmer, th&m la a pdislblt mmetlm #f aaaoalu with th® 
pii»n®llj§ ati^fttw© &£ Xignin m 
% " . j -f- IgO CII 
Bivia fiS) fTOnA/bhat t»®a wm tormd la r««etl@a« Saw-. 
#t®r, li« 'tastd high preiaup® la hit inwitigmtloiit# ... 
t. Ummtlm fy@a tii« Itsttloa ®f Aara^ iila ©a %lws l««i-
Mu» Itsmltiag fi».©» %li» lytrolytia ©f §@ilul,e.ile ..Wtsfe# Materials 
•^li«''1^ 4roly».i8 of-eellujoalt wast# «al#ipitl® is'#F4.1iiarilT 
©«'wi«4 9«t'with Ailntm »®liiat" Is attaekad' to a  ^
© g y t s l M i % j  t i l t t t ®  a e l d s .  ^ f a m u ' l m )  b a s  l a i i  t h a t  m l ' l i  
a©li <l«g?aiati©n •4®®jp®aa0.i tia® ©f polfMtriBatlsn, t© a 
liaif' ©fl^ ' ©3p tii.» (m) 'tei atata'd tliat tbs only eon-
taitatol® #^li#iii®al eMaag# ia tto.© i»@«etl0a "batwatu @®llttlose and 
aelA ia tkat if elaa-tag® ®f tto,®' gl|-e.©.ai-dlt liakag»s {and p©®.ail»-
ly of ^ »®ss^l4akaf®s fettw®®!! iMivitiia'l .ftlmiai if amh txiati. 
4###Miag. t©' lamiti?# a«lXml©s« my .b® #«.p»#t®a to' i»®a§t with 
-#©iist.ntiptt®i aaifwi® ael4 a®#or4iag t© tha' f®l|®wi»g «fttati®at 
i^g%0^ 01 i- a + IgO' |l| 
Tim pretoafeXa j?««etion batwaan th® ato®ir® stilf©ni« ,mmmwaM 
amtaia is at .fellows s 
• %lg04Oi0gOl llg - %lfOg©lS^  ^ IgiO CSI. 
l#*®^ ®!*, it ii mlitetly, ttoat any .apprsaial^ . aulfomia «it«r i« 
f©a?m®i is tha faattloa fea:%w#«n .©aXlulsaa aM dilmta. a©ti. 
-It-
fli® 14®® ®f msiag fii©»pfai@i»ie aeld ti tto® j^ Arolysiag mgem% 
hMM  ^ -MmU -fLai mil .a®. 
Harris nmd Ijang ''Mtla ppeaented ahmmA %hR%. 
phmfMti& Atli m» a . WIT"'ftgiiiit «§ ^ -tompajNii 
t^^imlfur-ic mia»: 
m^ h. is kiitwis Wgmriirag tfet® Is. @f tb« 'h^ nietl* 
lml®s©s.* • Itedep.aili @®miit.l©iis @f Is*• fiw mat ®i* 
fhM m^rnim my ••he shmn ma. 
l>#ai©iftta p#aws# 
It ti,f^ ©toa%i« iem# impfwirml t# ftwti* mxtd «nd If#ato®w 
• C44) .Imw •&&,# f@ll,0wiag rmmim fm thm tmvmtlon 
©f furfuralI 
/ycc^'^ \o// c//~cA^qf'^c^ \-c//£f^-~l-rT—M [rnj 
I  ^  ^  f  J n  '  '  A  y c / / o ^  K  
fis^  QO// /f^ oH V 
\ / :  O .  • ' , . - . :  
fli« *e%ld]Q 0f ii'wioftia oa feh.® p«at©s«s «at twpfwt&l ilf) m&j 
•'b®- ik©w fts .f®tl@wii. . '^ 
V—c —C-(1-~C_=^ P  ^ \ I r  n u f j  
V W V V  « '  
.sy3.$s«  ^ mmmnim^  . xyl®siain«  ^ watur 
c / f  H  , H  / A  
— C ~c=^ y- A(^/y C c ^ ^ V /f' 
I ^  ^ ^ ^ m 
• »M«Jiy€# aiMonitt . • ft|,.t»hfi»-m.ia©a|a 
/ / - c  — c - / /  
M II 
// 
3 I 'c'_/=. ^ ^ %" J—f ,"11 i.t 3HO// 
furfural ammonia hydrofuramlde water 
Af0@Miiig t@ SlJimi 1101# ligaia is fairly yeslftaat t© 
til® mml lif^ yolytIs. 
Iiim««9k «,t seat ©f %b.« liyirolysia la Wim pwmmt wmtk 
was 4©a® with aefoal iup«.fpfa®spii»t@# e©a®«iatrii%«4 aup@rpb©«<-"-
phstti. m4. pMtiftorl© ftSiAt s©a» a®atloB ©f tlie r«®#ti©QS fe®-
tw»«a t^ «se ©aapomaAa A«ti a.ifflK?nlii shorn M li>« a«i«# f©i? tli« 
t.fflott©]ri4fttl©a of ©ipii®t«.i»y 8mp®rp&#splaat®# 'IsrAtaty l©si (3^ ) 
as w«ll at M^ lms C-ii) glir* %te® «la r««©il©aii t® f®li©w#t 
HgPO^  -f- ilg • »%Igf§4 C®) 
• IgO t t IgOllO) 
+- CaS0^  + 1% r OftlFO^  + (ll^ )gS0^  Cll) 
g + i ilg s as^Cf^lgi- CM4)gS04(|.g) 
4se©r(41iii %® larltsty mai l©si, if tJa# aaaooin %© a 10 
p«if mm% mpmrphmflm%% is gwrne^tmr tima g»5 p®? mnt, r«a®%i©iii 
Cll) aad lit) Qmmg «iid th® ultiaat® py©^ ti@ts ©f tli® ip#a©ti©a 
wh%n an aeli^ fi*#® fiip«^ piio®pi»t« lias »fet®3Pb®d tist a«xi»m» ©f 
8 @r 9 p®F e«at of aiaao»i« ar® %i»iaal«ii»m ph®®ph«t« mm 
mmmuhm »-alLf*t« ti® r®pi*®a«iit«d in %li« e©ap©®it» ©tmmtions 
OmClgfO^lg-HgO t S&SO^ -f- 4 M% ,5 afig|F04)g -f-
S (ifcjgSO^  + %0 (IS) 
la thj «ai»al«ti0n of ffl©n©e«l,@itaii pfcteaplmt® wusQlaydftit® ow #f 
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4i pmvlmBlf, ;%hlt iav#i%lgafcloa •*»» eoa-*.^  
mi%'h -o? iilt?©g®ii©ui.; f^ ^7 tw© 
ii|.'iyto©lysla foll©w«t %• amQaiafeioa 
& a®«3?ly all easesj^ tii® w®3Pk was ®. iR i»rl®d omt sti, 'of-
»^lii$ap]b#rle p3r®s««r#' f©r tli# 'pmpm% ©f taiaWisMng & 
mmmwul&l pmemu* an iateiti'liil seal#, tii# us# #f ©p-
«faHag gr«»sw®« @l0a« Is® wiult M »S"# • 
®®on©id®il tlian ©p»i«tl0a a% tetlgk 
A* Ai«0nl«%l©n of §ofa©0tei at light 
wti»« ®.i, :%hm -^ iatipiil •®«llal©si@ 'wftils* 
fflfctefial t©, tot,  JtmSiad''.far' mmj w%msm$» • f lm mlw mmon It 
thai timy msm ©asily e@ll«,©%©a tlma aatsrials »u®h as '' 
atr«W'©» .o®3ras%«ltoi# -
1. lUjUlfMp.t 
All ®fflBoal*feioa», wef® omt in ^ -aeek, 1000 mX», 
gl*sj fl«,skii m ahmn en Flgi»« I. Jk 
flats was m®d, k mw&nvy la glasi wai 
8®% t® .ultliia 1/S iatii @f %'k« glass mil aat «d® gm& 
hj,0 
®EXIT 
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HYDROLYSIS AMMONIATION 
1 Small Scale Laboratory Equipment 
contact Kfith tii® corncobs* 
S. Operating procedure 
Oornoobs which were ground to pass a 1/8 inch screen 
•were used# fable 1 shows a aoreen analysis of the cobs used# 
Before the cornooba were used, the equipment wai placed 
in operationwwith the agitator being run at about 100 r«p#m# 
fhen IB grams of oo-meobs were added and anhydrous aamonia 
was introduced* The temperature waa brought to the required 
1@T®1» A mercury Minoiaeter waa attached to the aamonia feed 
line and used ai, a flow indicator# "Sfcie reaction between corn-
coba and a»s»onia took place in an atmotphere of eisentially 
pure a»imonia • 
At the completion of any runi the residue was removed 
from the flaak and analyzed for nitrogen by the Kjeldahl pro­
cedure in acoordanee with the A» 0» A*. Cm (8)» 
-B# Hydrolysis and ABimonlatlon of Cellulosic Waste Materials 
fhia proseaa was done batchwiae in two stepi* fhe cel-
luloeic wast© material was first hydrolyzed and then aomoniated# 
1* IquiiMent 
fhe hydrolysla was carried out in a 1000 ml#, S-neck, 
round-botto®, glass reaction flask with reflux condenser as 
shown on Figure 1« Both Monel and glass agltaton were used. 
-i§» 
fabl© I 
S63P®flii An®lysis e©ra«0fea tf«d 
la Study @f fai-lablti 
f f l 9 T '  
Mesh 
' Sftmpls 
... 
f«if' «®at F«r #.#at swia* 
^ #» 4 •yan M gv 1^4* nt 
8 Q , m  om 
W l?»S lS#Si inaM-
u gi#S 1,8 #64 ' so.ti 
m ^ i4*3 17.10 4S.-06 
18 19.7 li.Sf ii.ts 
m t6#S U,l£ 7S.0S 
4i li.i 8.ii «1.63 
0S 13*9 9,78 S1.41 
100 S.8 g#gi fs.-fi 
ISO 4*4 i.?.0 fi*7i 
mo t,S 1.5S fs .a i  
pan g.S 1.76 100.07 
•gg"-
A immm®€ tlx® wp©r ttapirattti*#. 
t@## «git«%i©n waf. diffieiilt, t© ®bt«ia vi%h %M tjpe of 
»t«ria-ls ms«i ta- tlm kydrolysis. 
»ttit til®• hjdif®lysis p®ri@d, wan. ceapltttd^  tto® ©©ateiata 
wmm e©«»l«d t© r®©si. tsmperfttw© mad-tji# r®flm tettaensep ms 
fk# •aai»©iiiftti0n waS' <iwl .ia «sjmipm@at as 
ihewtt ©a figw® l» fh# aaaaonia ws^aet TOmsttrei,# 
I©wtwr,' anf«®»onitt fttaospli©!'® ma iit.istaiaM in %&.# flask# 
t» 0p«g&%liig gyoat.a'bgg 
In nmt @si«s, IS grams of air iri* »%®rial w«r®. -aAdei t© 
til# hydroIjsis fltik# I@xt,^, a .lay^iroljiiiag «g«t suoli as • 
Ai.lmt® smlfui^l© ft^oiA was fb® e»ne©1ii. aa4 melA 
ti©» w«r® alxti tli0roiagl*ily.b©f0re-fttt««sliing tli# rtf'to e®»* 
mmw# fli# ®tttip»«at ms i.8s®mfel«a ,fts sh0*a on figw# ,'l« 
i®xti th# hii-dreljiis t«»p®ratiir® wti Drt.ttgtit to tli® d©sir®:d 
l®wl# fli« %inm M rtaetlon tm tfci® hjdroljsls • was statl#t 
wlat«ii tkli fc#a^®r«tw# l«v«l w«s reaeMi#; ^ following tli# ' 
I]^ir®lyii8# tls®'flAik i»s to rflon .t®af«rtttni»#* r®-
flmx was mail a ii»w agitator was lE»«rt®dl. 
fh® .8iai»a.iatioii waa earritd out ia mmh tlm s&mm mwa^r ®i 
a«atiO)a@i pr®irl9usly tm th# ai»mittlo» ©f ©rdinarj ©.©ba# .. 
-87* 
• 'tilt WHS' eoaplettd, %h9 ms 
mBh®€ iwQm'the t l&Bk. mM toied f©r. a,|}Ottt',g4 hmw® la *n 
ov«a^  at 10# €*• • fh® wa« ®ii®lfg#d f©F 
altrog®tt la mm&wMnm with tli® A*. 0» A* e# pyocedur## 
f-I. BlStriifS 
&• A»H®niali@a of 0©ra#©tof 
•• fli# w^j*fel@s #f mmtlm timftmtttr® »ii4 
ir«r#"st«ai®4* " ' 
i, Qt mwmmifktim ttmptf-tmye 
ffef %im @f Ftaetisii mm «®% li alamtts m$. tb,# 
wat tm& vmm t© ®S0%* . 411 
@©ailti©ai hM.m feeta prftlouslf* 
fht tftta iiy# &mm la i mm mm 
la figw# g. fla# ©ptlffiiM •*»« #©iaiii t® 
500®G witli lA «.©at«at @f 4«f -pw dsafe at 
tlils > 
iMis. f©«ai to tacept little inilmmm ®a tto# 
i»®it.etloa ^#|.©iir gOO®c. figtar# t iiiows-ttot • fartfal 
tmi?# #®nibi»©1. .Is •is^afeiiil im aaxiBram mn%9n%* Tim 
pF©i«tt whi&h **i ©%t«lafia ttt «a ««©ailati0B ©f 
SO©®0 Mi a felaelc t9l»:r ,«Bd .wa ft«silf 
g» ifftet #.f rm'^tlm'' tlaiB m nltwmm Qm%m%.-w®sultlmg-
fyom affiaoalation of ©ogneotoa • 
itm©atm%i©ia witi told »t iOO^ S aad tfe# •  ^
:ir#»t-fel@ii tia» wftg'"Wirlftt* fh9 iat* @f tabl® 
«F» pl#%fe®«i la figwif# 
•gi». 
fabl# i 
Afflmonlft'tloa ©f GoFneobs at farlotts ftmpsratwts 
AMiOaiaHon 1 iirdgeira* 
Goiittnt, ^ 
1 l'l;rog®n 
Content, M 
m S84 4*0 
is <I»S isi 4.S 
" so 0#4 iSi 1*4 
f4 ©•S ifi 4 #4 
$9 ' • @•4 gSf S.l 
%M4 ©•i go§ sa 
U6 0*6 iOO 4,® 
m • §*i SOS St® 
i00 0.6 SOS 4«S 
BX9 ^ 1*5 fOS 4»4 
MB4 0*f SOS S«& 
nm •• i»i Sli !•§ 
i-io i«§ StI ! •§ '  
$4$ g#o tso 1,7 
i«4 S40 I*.?' 
SSO . 1,7 • 
BMf §*i 
t?s 5»§ ®iCjeldafe.l aitf«©g«a. 
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Fig» 2 Effect on Amiuoniation Temperature on Organic Nitrogen Content of Product 
•si* 
No eojcistant nitrogen jleM was r©aeh®d. However, at 
th# «nd of about 18 miautei, th« nltrogtn yl®ld was 4»6 p®r 
c@nt» B®tw®@n tSi® reaction tlmti of 18 and ISO minutes > the 
Inoreaa® In nitrogen yield was only about 0*5 per e©nt* 
S» Disaussion of the results 
A ilgnlfleant qt^antity of nitrogen, 4tmf per ©ent, wai 
fixed# An eTaluation of this product is shown at a later 
looation in this paper# 
4»f ^Diaousiion. of other varlablea 
Other wriables whioh were studied Inoludeds 
(a) effect of partiole size 
(b) effeot of air eoneentration in an aomonla-air 
mixture• 
Muoh tia» and effort was expended in studying the effect of 
particle size* Under th® ooadltiona of a particular procedure, 
a correlation wa® obtained# However, aubiequent attempts to 
substantiate the correlation have met with defeat# No adequate 
explanation for these failures has been brought forth# 
In the case of the study on the effect of air conoentra-» 
tion in an anmonia*air mixture, a correlation was obtained# 
However, some of these data were found to be at variance with 
previous well proved data# fherefore, they will not be pre­
sented# 
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B* Hydrolysis and Asmonlation of Oslluloaic Materiali 
Stud its on th® various etllulosie materia la w®r« mad® 
with dilut# iulfurie, dilut® phosphor!® aoid# normal supsr-
phosphat#, ooncontrated superphosphat®, and aiainonlus sulfat®. 
1» Hydrolysis studies with dilute sulfuris aeid 
In all oases, a 15 graa iample of ground, air dry oobs 
which had pasted a l/8 inch screen iwis plaetd in the hydro- ' 
lyssing-flask. An amount of acid iolution wai added and the 
resulting mixture waa well-mixed before the test oonditions 
were earried out. Agitation was maintained in all runi. 
After the hydro lysii period was eompleted, the flaak and ©on-
tenta were oooled iwaediately to room temperature. 
fh© ftooniation was ©arried 'out with anhydrous aaBionla, 
usually for a period of 20 minutes# CJpdinarily, the ajaimo-
niation temperature was allowed to vary between 30 and 60®C» 
Subsequent data in this investigation will show that thii 
temperature spread wat permissible* At the eonelusion of the 
ajHoaoniation periodt the flask and ita oontenta were imshed 
out with distilled water, and the products were dried in a 
eonstant temperature oven at 10S®G for a period of 8 ho\jrs 
or more* 
fhe analysis of all samples eonforaed to the standard 
A» 0# A. 0* proeeduret for the KJeldahl raethod of determining 
-§«• 
til® All nltw^gm jptimit# art ©a 
ft 4sf mils. 
a» iffaet.ef gati.# and 
fht %m^«i»aiw® -wai eentjrollfi a% Si %# 
ami %h» hf&mlfsii %im% wa» 80 aiamtti. fhe 
litmii/s©|M j»ati0® la ta'fela 4 W#» eo»®etti f#s» th# origlttai 
ii0iitw«©f tlia e@%s. fh« m flgwr® 4 war# 
plettad tmm tlia iata ©f ta^ia i« fto tmripiii @f ftgsra 4 
Fti^aal iliat m%w* was a ©artaia lifiatd/soi li m%l& wWato 
gana a *Ei»a fiaM ®f Bl%i»0g®n Mw mf saytatii atid 
figm*»a 4 wii foaad t@ fe® ©f vain® in atudyiaf 
%to« ®ff«st ©f asl4 t#iie«atfa%i@a ©a %h.® fiaM #f ©ygaal# 
mltmgm* fh® iata @f tail® i a?® ta'k®ii fi?©» fig®^ 4 aai 
ar® ®©»®l8t®d m ilgmm $* Figuy® S Mdieatai tbaftJi®?® 
a3?® ©ptifflma asii ®@a«®atyafei#a« amtla^l® at ea^taiii. litmtd/' 
a@lM ffe® a®l®eti@n aa ©ptisaia atid- @@a®®n%»ticus 
aai rati# is a diffiemlt m& %® mlm* UommT, 
a la*g® Fati@ wmM tawlirs a gi*at «fap®Fa:t4#a 
ampant®, whil® a Im iitm4il/i®lid m%i& wmM mm a lew. 
mgml^  slt^ a^a jl®w« 4 pi?<iaigiiig appaaifs %@ %® 
a litm4d/s#ltd i?ati@ ®f ill aad an aeii ®oa«®nt^%l@B ®f 
8*0 p@w ®®bt %i%« 
fa%l® 4» ®f 
'fyr'iiqttii'' '' iw*-" fes04''' '' w '"^ e* "''sifaogen " 
WQistmm, ^ " idli^ solid eofe li>*''''^ol»''''l' Content, ^ (yi^lsSflt^ H, ^ 
ilyiif#if«ls witli 
s.lt. . 0.00 ' O'.l^ . 0:.4 o.-oo 0.4 
t*ss O.S.Si 0.00 ^0.00 •1.1 ; 0,00 l.l 
S.3i t.io '0..00 o.oo 1.2 , 0.00 I.i 
^•iS 4. if 0.00 0.00 ' l.S 0.00 l.S 
6,t4 0*00 0.00 1.2 0.00 l.t 
S.lg. 10.4 O-.OQ 0.00 l.l 0.00 1.1 
%€F®ly»i« with g'.Ol^ lgS04 
s.ts 1.10 0.0111 0..7t6 i.i O.i I.i 
S.ti 0.O4Si 0 . 648 1*4 - 1.2, t.g 
s.gs S.gl 0.0«S6 0.S28 S.f 1.7 g.O 
.S..2i 4..28 0.0847 0.460 4.S i.s l.t 
S»25 g»§8 0.1S70 o.sss 4.8 3. t  I.i 
lydp©lysis with S.Sl^ B|^0^ 
O.iSO O.Otfi O.S7g i.4 ' 1.0 1.4 
I.0» 1.0f O.OiSt o.eof 3.9 1.6 S.5 
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•Mol®tur©, '% 
lb. liquid 
lb. dry solid 
lb. HgS04 
drir eob 
ib. N 
lb. 5!ot. ••Qmnt&ntrn 
S due to 
(i-'-iM) RS04 
fegaaie 
s.ia 0»3lf ••• 0.t44 9 , 1  ^ S*8'. 
S..Q9 0.4g® . 0»i§l 10*2 8.t g.O 
s,ot i»g$: OVltt ^ ll.S 10.4 1*4 
S.ti 10..3 1.08 0«.0®18 m*9 13*2 0,7 
HyiFOljsis witk 11.80% HgS04 ' 
@.04 0«6t5 0.0?7.5 0.554 4*8 2.1 g.7' 
«.04 I.IS 0 # 1S8 0.4SS f * S  ^4*1 S.l ; 
#.04 . g.l». o«..sis 0*S9S 9.S ®*8 t#S 
i..©4 §»ii 0.4?» 0:.tiS 11*0 8#i 2*M 
«.04 4.ia 0.6i8 0.-Mi it-. I 10..S 1«8 
«.04 . S.t8, ©••fS# o.iio 12 •© !!•© !•& 
lycir©lysis with. S0»4C^ I#04 
s:.oi 0.i47 0*1©§ 0.105 4»f S.,0 !•? 
3 #.09 1»06 • ©•210 .o*m 7»4 R.l g.s 
s#gs l»64 o,sgs o*sgs • 8.9 6,*8 i.i 
'Someob ' HgS^A '"" . "ih* iitrogen"" '" to " #^ni© 
mql8ture» ^ ib« 'ary'"sqim dgj" cob l.b«'''i'ot*' s contents % (wh4)s^04, x« !•. : . 
s.ot ©•4gS 0.4^ to .a 3.g t.i 
S»lt . o,^iai 0-* SSl ll.S 10.2 l.« 
S.Oi 4*M 0*S4S 0»S4S ^ ll*S 1,» S 
S..09 «.is^ I* if • I.ti 14.? 13.4 1*S' 
S..09 10 #s 8.10 gai 16*7 16.0 0.T 
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iittit #f 4 TOi?®- t© e©i»r®l«t# mgmie l/ 
ttt&l I «at rati# m figw®' i$P®r mf 
itsii figmr# i i&#ws. ttot atr®' a4ti»®g.#ii ia 
fi»ii % %&• ®m$ -&%• i^mv 
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with wto«r«iis 
i»is%i©, ms •tiiiied except f®j?-%k« follewiag. ©oniitieait. -
(1)  4old ooncentrttian ;i»-8»g8.©tnl %I% 
(2) Liquid/solid wtlfHt a t 
(3)  Hydrolys is  tlm *®ti iFsipl®t 
/Wm tttftate f@mi :ia f and steB ®©f-
©a f». fe® m&mlmm yitld ©f ntti»og«a wiis 
Mftshtd ttt « hydrolyitifi .ti^ ©f, i# , 
B»yoad a liydrolyslg tim® i>f 10 »imal©»,. th# jBl|;t»og«R 
yitld d«er#itii»d* It ,i« pp#%atel®. thftt %h.« f©Fi*tl0ii. @f .fai-
tm&l li®y©at,ft §0 miamtt, ik hmt 
it mn lm $mm %i»% fhe maomt ©f 3iiti»©f®ii fix®d liy ^ 
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©• .9.f fardf>QiFSi§ t#MPiiyit.tmg®» 
'awinnwi iiii'iiimniiiiw:iiiijiii)>iMiiii*»Mwitiww»iwwi>wi<BM«itii>iiliMMiwiiww>aliwii»»»iBw>wwt^  
Tim pi*© ©•€»•§ th© fey«lr@ly»i,i 
flea ®f til# 3?«sidm® ir#ip# %li@ «•«» &« tfaos® itiittd 
in i m )  «3ts#ft £ m  'til® i«riatii®a»t 
11} ^ .tid @©i3e«iiti^ tl@a -e 8.§8^ p®'i» ©fat hgs04 
it) I'fei* liquid/lbs. dry cob s g 
(il of i^droljils wns 
tH# data a:r« tabula%»i ia 
t and «» la tigmm 10. A fflamiww yi.#M @f ti»gaii|L@ 
sf t»i ma rmm@4 at a iiydr^ iyaii 
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mad m.® fnirlf mt ttoftt wl®# ia 
*ti»® t® lo0®i» 
i# Ifftet ®f piftisi# aisa- em %l» field of nitromn 
fii« furittleB* im. fr©« t&fti gimm prmimmlf 
ta C«l mm m foil#*#® 
1) Ufeit llquld/lfei#' * i 
i| Far tie le sim wfts yarlei, 
Cs| Aeid oonoeatriitlon * 8»ii per'««at 
Air ttf &@ime©% saaplts w#r® foMd# tmart#r«i nad i®r«#B 
ajaalyi-es iiftA® Ij »sa»i ©f tii# fjlm the #f 
til# •erttn a.aali'sei «r® r#s©rd#t ia fatele t.' • 
flifi ©mmlatlf® Img plet is @f little mime im ©Itaiaing 
a f#»t?«lati»a fee-twe^ii tli# awrage parti©!# fine m€ tk# iiitr©*-
g®a yield* k a^rt l©gl«l Msl»' is ttoat ©f rtJmting partible 
swfat# area t® tiie aitr@g«n field. fhi» ii«s 
©arried mt* It ifHi assiioed ttet tlie partialei are fs>li®r®i 
and therefor# tk® eaiteraal area wlier® it a mn* 
.8taut, men, A sFA rnmm 
 ^tk w 
/ iW 5  w®.ig&t  f rae t l^n aay tw© t taadard f f ler  
sereena 
© 38- arith33B®tioai diameter of sereeo 1i®tw#eB 
any two ataaltord Tyler screens g 
4 « area of the average particle, l»©hea 
s ©oaatast mf # wai a©t maed ia the ®@rr®latl@m 
k Mwmmwy ©f the i»p@rtaat data is foaat in talfl# 10 and 
ii pliitted la Flimre 11# the a»©Mnt ®f aitr©g#B fined % th® 
«@rja«ofei 4# afftsted llttl® ly awimg® -partiel® »i*®« 
#»ll®r thaa naterial through a l/i iseh s®re®a# the aa»iaM 
Table 9. Scraen Analyses of Corncobs Used In Studying the Effect 
of PaMlcle SIes on lltrogen Content 
Sample® Desorlptlon 
Screen 
opening. 
In. 
Mesh barrel 
Sample 
3/8" 
mat «1 
l/4« 
mat»1 
l/6« 
mat *1 
50^ thru l/S" scr. 
50^ thru l/l6"scr. 
1/16" 
Biat *1 
.039" 
B»t*l 
.525 0.00 
.371 16.5 
.263 3 24.8 0,2 
.185 4 14.4 12.2 0.4 
.131 6 11.3 28.6 21.0 7.1 3.4 0.5 
.093 8 7.5 20.0 27.2 14.2 8.4 2.2 
.065 10 6.2 12.1 15.0 14.5 10.4 4.5 
.046 14 5.5 lO.O 11.3 12.4 13.4 10^5 0.3 
.0328 20 4.4 8.2 10.7 12.1 15.9 18.1 0.1 
•0232 28 2 .9 4.7 7.2 9.2 12.1 15.9 9.2 
shaking time of 10 minutes was used. All aanpl® weights are in grams. 
f*¥l« i C0©at4»ttid) 
S&Bip la® Be a cz* i ptlon 
Screen 
openings 
la» 
Mesh »rrel 
-S«apl® 
S/6« 
Mat * 1 
X/4« 
Jisit'i 
l/d» 
mat *1 
50% 
50^ 
1/8" scr. 
» 1/16" scr. 
1/16" 
n®t *1 
" ,63§»' 
Hiat*! 
MB4 m : l»S ' 4,f • f»4 9«S lB»t to, 2 
*011« 48 1..? !•§ '• 8»S lO.E -
..008m is : 1^4 O.fi, "1-a, ",4.8 i*0 ?,S It*-® -
*mm 100 1,0 0-,? • 4»« t.f ll.l 
.0041 ISO 0,® G*g- - . i..6 1,-4 4»8 ?.s • 
^mm '  n m ,  •  G.,1 B«g- - a«g» S •& •$-.i «,-l 
S.l 0.1 o*.g / 1.S s.i • 4.4 IS-*0 -
«& thakiag tiis« -of 10 wss ws«d-.. A-ll »fi»pl«' w® iglits mvm in graas* 
fame ,1® 
#11 %fet M%m§m Ti«l<i 
b«s9fipti@» in eob ia i jbx. isiasiat-
,Qm« 1.9S •000218 f,i 4,S 3.0 
S.ti ^OOMtS f,4 4»4 s«o 
50^ l/s« 
60% " l/W* 
i.is .00$Si6 f,4 4»i g.l 
l/8« S*il5 #00518 f.S 4.«4 S.l 
l/4» .OIOIS f . l  4.S 2*8 
s/s» .OlfOS 7 , B  i»9 
law#! 5 f f $  ,069f0 6.i 4*4 S*4 
-55-
UJ 
X 
o 
< 
UJ 
Q: 
< 
UJ j 
o 
I-Q: 
< 
UJ 
§• q: 
UJ 
§ 
.01 
001 
.0001 
— 
V  \ \ 
4  
z/i 
— V  
3 "  
/Q" , D—V b 
i i 
D 5C 1 *  1, /e 
5C * '/ /|6" 
c  16" 
( > -0,1 9 "  
ORGANIC NITROGEN . % 
Flgo 11 Effect of Particle Size on Organic Nitrogen 
Content of Product 
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iAiwlf ®0oi|i,ttt th® l/S Imh ®ai 0#0Si intfe attarial. 
«• Sfftgt ®f 'e^attafe. teefey® aMettifttlQii* 
fto® #f %M® Htmit pMse la %im toyireljiis* 
proetdw® Mi B®t l#®a i«%®rais8i ttef fajp» fit® 
obje®t ®f this ®xp®j?4a®iit mu -I® i»t®i»KiB® tli® «ff®@% ©f 
litmid plan®® fef prsiipyiiig tii® hfirely*®# mt®3ri*l &t lOS®® 
li®f@f® 
fli® to pr®@®iw® f»m tliat «s®4 ia (a) 
w®^® as 
(ij acia 0onc®»ty8titii • 4#90 p®i« 6®nt i1so4 
lil Lbs. liqui<l/ltea». rnim 9 M 
Is J Hydroly8®i Mt®!?!®!. wa® Ai»i«S to®f®^ 
Th® drying %l*® wa® faiPHat* 
ffe® si»*r3r ©f raamlta m f«W® 1% is ®®»9lat®a #11 
Wigm® lf» flgw® It latitat®! tliat a® irytag ®f t&® %4r®-
1|-«®<I »>|«rial 'fe®f®i?® araaomiatioa is iatirall®. 
•f. iffgefe of a»®bia%i®ia tiiii# 
A pip®©«#«!•• iiaila^ t© s®eti®a <a} wat tai*ri®4 m% 
««pt t®T %'!m wriati^aai 
CD A«M eoneeatrati®!! • 4*SO par ®®iife li|S04 
(g| 4,aa®ttiatlo» • tiai® waa •wri®# 
Is) Ufet, liquM/lM.# i@li4 • g 
4 @®rr®Mtii#ii ®f th® iata ©f fabl® li ts swfit® m figur® 
lg» Aft®? a r®a®ti@B .ptri®d ®f afetmt l§ «lamt®i# th®r» is 
littl® teeraai® la yialil. l®tip®®a th® %im iatsrwi 
fmi9 IX 
Mitmt ^ iftg, 
fesneobs 
'afwr 
Ijydro lysis, 
gma,, 
a .: 
ti0f 8 la •, 
wt. after 
<^2Ting, gais., 
1. 
original 
wt# after 
drying, 
i ^ x i o o  
iatml N, Drying 
time, 
hrs * 
44.3 0,00 O.OO' 100 5#8 
%4e • 1 s».it o.so 8f.9 s.t 
^.00 1#00 §4*0 4.i 
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100 
€1* 
of 10 t& i§ yield w»« ..4»S i 0»5.- psr 
@«iit tt4fei»@g@a« . . ., 
. g#.. lff«ct of. fti^oiaiatioa ^-teaaperatmyftt • 
•fti« pjfocedur#. msM'ms with tHat tm %hm 
l.i<imiS/i©lli mtio sfemdit.s #x@«pt f©3r %li#'f®ll®wing rt-
viilqaii 
Cll A-cid'eottcen%i?ati®n s 8.if p#!" ®#at %S04 
Cg| Lbs« liquid/lb®* iolid rm-fci© • g 
fg) AiJimoniation tf^efature , 
fh# •xpei'iatatal fmtol® 1® and 
ttr® plo%fc«d ®» figtti*® 14 • ?igwi»8 14 #4\liilii'|.® » .aaximm , 
yi®M ©f §•§ p®jp ©©at Eifej»0g#» at mm naimoaiatien t®»p®iMitw® 
ff,g4#®S« flw iiyfir-eljMd c@b .pfootdiar® lias flx®d a@r® 
nitrfgen tl»n tlast 8«0ni®feioa ©f ©pdinmry e®l»a and 
gftY® » aaxiffitta jl«li *%. S©®G "to® low tliat o# %li® plmin 
F» paj-poa®® @o.api3?iag t.la® tw© pf»Q©®ss®a, 
tftfe® %h.e If w® ms® tte® mlm® 4#1 
Ij®f ®®iit «» til® altip@g®a dn® t© (114) #©4# tli®a tli# n«t fijt-
atl®a @f niti»®g«ii dm® t© ©wateobs# in tlx® Mydfolysii pr®* 
m4.we9'$ Wis t#i 4'»l »^i»4 pm ©®nt| wiiil® tli® fMld trm 
tm ®»®®ni®ti©a @f oydlnmry ©etos aaiQuated t@ 0#! p®'3P e®nt at 
gSO®0. 4a ia©i*«aa® in yi®M ©f i#4 -• S#! • i#i per .«aat 
al%i»9g@n w»a ®t)%®in®d %f ttei® j^ydf©lysis pf®0«dtay®, 
li* lff®©t of iaapie drying tempera tw® in §«»p|.» mmtwBl§$ 
It waa %iaiit %h®. drying teiBp®^tt»e tlm mmpl® 
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alglit Mt# a grett l»flia@ne» ©a tJfe# nitrogta 
f i r n M m  w@r#'waAt'%0 a«t»raiia® m  toying 
ttmpsratm*©'©'©nsiittnt wltli %h» Am'mmnj ©f i'sst 9f tfe.# 
aad'«*oiitfttlon proe®Attr@s» fke proe«4w# us#i 
imi iaentitftl witfa ti» ll<i«id/s®3.ift r»ti® «xp«ri^wti mmpt 
f©r tha:following irariationst 
Ul 4tid 0@a0«n%Fat!lQn • 2»Ql pm mn% lgi04 
C2| IfeS. liquM/ltei* solid « S 
i $ )  Sm»pl# Afying %«Mperfetto»® w»a mried# 
fh® results sre sto©w ©a fat I® M. Dryiag 
;-b#twtttn i4 t© lif®e l»'d littl# «ff@el; ©li %li» 
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mmi. wliit# ©«k# 
^ . .fh@ lafe©Mt@i»y ,pi»#o«€mre, m@ te tkt, lt<ittid/s©lid 
0xp«yl»®ttfcs ,«e«pt f©ll@wibg,i^ tisi©nai. 
ill 4eia o©a©#nt?8,%i©a a S*i8 ii«nfe agS04 
• -it) B&-S* 'litmit/lM# ®@lii « g ^ 
411 ftgyleultwral w»st®s sueh ai ©©i*nstalks and ©at straw 
fabl© m 
®f Optijmm Sam-pl® Drying, feapemtw® 
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fatol® IS • 
aad tomoiilation'of f@olb©s«B*B©®riRg^ fcteriftls 
''"i" i©' 5fgihie~l, 
l , „ .  JWaM9A 
Qmnmh 1.1 S.O i.4 s.i 
&*&& g.g 7.4 • 4.1 • 3.3 
6.»04 ' 8.8 i.8 3.0 
O-wastalk S.iS ' 'l.S 4,3 2.B.' ' • 1.8 
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3.2S 3.1 «•§  • 8.7 0..8 
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gFQwad t® m l/S Inch ««!•««&* Iftttrltls smell && 
tii« .*©©<!« aad petamt w«^@ gmm& so th&j pt.ii«a.« 
nwrnw 4 m§h stana&rd ucwmn (opening »,§.«1SS 
ffe® rtialts tab«l«tta m fsble TM seftweodi:, 
in g»n@i«a|.,, "Md %li« laa© trend m esj?na0bs, in tl»t a®st .ef 
ttoi fflaxiffltta yields e««® at & IltmM/iOlM rati® @f' gil..'"-'fins 
«xe«pti@a wfts. earn JbtuXls nhieto esiil%it#4 a yi@l4''©f 
4ti ®®at 03?foaai:i nitr©g«n »% «' liquid/s-olid i»«tl0 of 4»4tl# 
C©i?ii Umlls ftrf^-ast rmAllj 0b%aia«i ia tfa« aorwil, pipeetsa @f 
w#t milling ©f-e0i»n». w©0€s beiiuairior was ©rratie^ 
jitMi w^m $emmtj sBiieii l&mr m e0ftfai»ei fc® th#- i©ft-
w®ods» flat® @b1j- c0iiia©a «grleialtur«l wast# whleli' @@«« 
p»r«sl w@ll wi%h'&mm&0hB me' oat littlli# tells gaw .a' mx-^ 
ImttM yi#M ©f $••§ ,p«iP ©eat- ©rganie ^ aitreg^a at ft Utuld/solid 
rati® ©f 3tli', 
Msgttssioa #f r®»mlt.8» 
fh® iiipDrttat ¥ari»bl#a aff«®tiag lb# lysis iim* 
monliition pro®edttP#s li«¥@ fe»®a stmdiei#/ fhm ©©nditiona wiaieh 
hmm' f©uad-fmvorafel® f©r hjdroljaii ®Jf o®riaoofei «•!»#£_' 
11) an#- litiiid/lt>s. dry eoto m U " 
(il Aoid cenaeentration m 8#00 per ©@iat •• 
ti) Ifytr©lysis tia» • SO mitmtm 
14) %drol^#ia t«ap®rittttr® •; 93 to 100®C. |i). Partial#' «;• eotes. through « 1/Q Intsh i-or««a 
For the ftimoniation of iijdr®lyz-@d eorneobsth® „ following , 
fft¥®rsbl« eondltioM limir# f^mudt' 
(l| Moisture content ©f the hfir©ly2»d eoos • no drying 
b#f©r@ amonittion 
•68* 
(i) Aiffiioniation time « 10 minutes 
(5) Amaoniation temperatuir© s 249'^C* Acstually# a 
different tjpe of product is formed at an amon* 
iatlon temperature of 249® than is formed when 
the asmonlation is carried out at, or near room 
temperature# k more detailed evaluation of 
ttoeae products is mad® at a later location in 
•thli paper* 
(4) Sample drying temperature « 100»105®C 
Several .other pentoaan-bearlag compounds such a» corn hulls, 
oat hulls, and cornstalks have shown favorable yields# The 
woods have not shows good yielda of nitrogen fixation# 
8# Hydrolyija stud lea with dilute phosphoric acid. 
Although the literature indicated that phosphoric acid 
wai a' poor hydrolysing agent, a few teats were made' for explor-
atirf purposes. 
a* Bffect of sample drying temperature* 
An analytical'analyala is shown in the appendix for the 
purpose of ascertaining the approximate temperature needed 
for drying the unstable aaimonium phosphates# It was found that 
a temperature range of 60 to ?5®G would he satisfactory. 
fhe followir^g hydrolyiis and ammoniation procedure was 
followeds 
(1) Apparatus waa the same as used in the sulfuric 
acid studies 
( 2 )  20 grama of air dry cohs (passed l/S inch screen) 
/ , Moliture content *'6.g8 per cent 
(S) 40 grama of per cent BgP04 
(4) Hydrolysis t.ime « 30 Minutes 
(5) Hydrolysis temperature 9 98<*»100®G • (6) Hydrolysis pressure • atmospheric 
(7) lach batch from the hydrolyiis waa divided into 
two portions and each portion was aaimonlated in­
dividually 
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(8) AMBioniation tiws « iO' 
(9) Awmoniatlon ttaperiifetti*® mmm€ln§ %@ 
(101 Brflag i8ap®3?®t'a3?® aM ijpylBg $ta» wr# iiai»i®i 
Wm r@stilta mm m f®b3L® li «ai 
ttf® pl@%t®d ia Wi$m* li. ,Pigw« IS laai®»t®s ® 
•|«mp®i»«femre ®f fS®0.wilX-fe@ satl.ifa©ts»j# fee Si?jiag -oww® 
tm %®ap«r®tw® ig®, @1®'# ma4 ?S% %al%® elmmlf « 
fl@M ©f g«.S p#^©®at ai%rdg«a# fli®r«fw®,»'. »' dyflag t®ffip®ff®» 
t-aip® of ?i®0 1MS «g' th® bailS' tb® 1« , 
•tadi®# with fb®' ®a:|>«ri3®®iit®l r®smlti. a Is© b«®i» ©at 
mimt ©a® wemM ®xf®@t' frea, Ito® «MalysSs pj?®s®K%®.i in tm 
b« Iffftet #f hytrQlyti® uainjg i»ii peg e®nt E»f€li 
flie pi?©@®-iw® wm with %a®t «f thm py®#«tia| 
#%My witli •«tai® ®x0epti0a ©f tli® fellewinf r®visl@asj 
i l }  ielght c®toi « IS gmm 
m lAquid/soUd s i 
( B )  lesldu® from toydr^liraii ws# aofc smMif44®d for 
®iianoniatl@a 
U) ijdrolysla tia® w«» ir«i«S.®fi 
fm ®mp®»iffl»at«3.>®,fml%s m f«bl® 1? ir® f©3?.i?®lat®4 m 
flgw® 16# Pigw® 16 ta4i0®t«« •|l».%'a'li|'d^olysis %ia® d# iO 
ttiiiia%®# would te® 8®ti®fa®t®ry. Omr tto tlffii ©f iO 
%@ iO0. ffilmatfti, %te® aitr#g®ii |'i«li w*s S*S i: 0«g ^®r ®®at, 
®i Dlseusaiem <9f. tli® g®attlfe8 
fk® fi®ldi &t ©pgaai® ftitrog®m.^ tfa® &®M 
ffi®«i@d Mm .itilt® lew iii ©'©i^artisja t® tii® smlfwt® aeid 
Mj mstm ®f th® flgw«® p>®s®at®i %iimi fmt, tb.® 
-fo-
16 
Mim% ©f.fiBPfiiag fla^^ ©f Ajaaeolna^ PliospMlts «.ilt3p©g#a 
emttet at farioms ikying- t@»p#r«teti 
Sspylng timp 'to. • 
Dfl^lag ftmpsfatw® of 
S#48 1#S 
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4 • 58 i»t 
8»Si 
%4>,m g,i 
-7l' 
fim, 1»# • f0tal i, 
Brylag fempsratiar® ®f f®'®0 •Ci©iit£amt4} 
i0»g8 , t*i 
gf.gf g,S 
dry lag f«mp«r»tw3?® ®f 10§®6 
2*m g#i 
s.» g»6 
ll,s7 i»s 
istii ta 
if.fi U9 • 
m.-is ia. 
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Fi^. 15 Determination of Optirr;um SaT.ple Dryin^ Temperature of Aaunonium Phosphate 
-fs* 
faW® If 
®jp fim&t 
. mim i»98| %fo4 . 
fi»s, Mia. f®%«l I, ^ 
li i».i 
so g*t 
i© s*g 
• do S.I 
^ IgO StS 
gio i»4 
^ too S*i 
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b 2  
120 60 300 180 
HYDROLYSIS TIME. MINUTES 
240 
Plgi T6 Effect of Hydrolysis Tiiae with 3e98;e ii2P04 on Total 
i«ltro^en ^ontent of t'roduct 
tn# differtal telis mf to« sh&wu as 
{1} HgS04 fusing ®.98 p«3? e@»t. H^O^) 
fotal I «• 4#tS p«r eeaf 
Qrgani© 1 m i»?6 per oent 
tof differenc# 1 iw# t© {M4) gS04 » f #13 per e®at 
Ci) lgF04 (uslnfc S»i8 pmr cent H3PO4) 
Total N 8 g.50 pea? c®nt 
1 a-m to ^MH4)gHF0^ S 3.25 pap cent 
If 4iff©i»®nc«, organic 5 « 0«27 'ftf,, cent 
®f th# •ttafftvoratol# yi®M ®f orgaait nitrogsa bj tla®. 
pliosphori® ®®4d ia#t]li©€^ mwk witli ph©ipla®i»le »@i€ wfis iia-
e©iitiatt#S» 
s« hyayjuyaia. .by stigerplioapmt® 
A ftctat pat«at, Cii) -specifitd that certain, pMsphtt® 
@o«ip©iiii4i, w®^« t&w mktng tmfnT&l* ^ It*® thowgtot . 
tbat ,s©m#.,#xpl0i?»fc©i»j,work sJaotaM 'b#, €©q«, nloog ,aiiii.l*,r lia#®# 
Xn |)&rtl®ul®r» tii® hfdrolytis, ©f ©orneo'bs hj of oormal 
fmp»i»pli©8pl3iit# waa o«i»rl®<i ©ut# 
ftt , Bfftet of ggO/co^ ruti© »»<! eob/stagegphoagMtit gstio 
ea the ui^rQmn- .yie.M» 
fk® «xp«i»i«ents. wfr# .eawieA o*it in th® ^iaat#. @qw.ip«®nt 
i.«®i t&v til# aalfwie ncii strndies* fli®, sttpn'^plioapliat# 
wfts aa,dt Ijy ^aixing Fl©ri4m piaosphut#. i*©ck end f 9»8 p®r ©®«% , 
lgSO|, witli.It TRtio of a®id/plao«|>Mt© ro©!!: .a Om&B* fli«, siip«3f-
•^©splMt® ms,*d# in 100 grm feiitfliet „«ad, wta ®ll©w«€ t@. 
mm f^r tbr#© 4«ys» fa# phespMt# con teat of tl» 'ampty-
is .ik@wa in 18.» 411 anitlfsti w&m aadt in 
with tH# A. 0* A* C» B»f©p@ liyii*eljsl.». w«i %fgma, 
l§ ©f air toj #0bs wtft *ii®i to %»t« rm&tim* k 
of smp@rpli©spl»%« waa addsd t® tli« ®a4- %ht 
tttip® w«i tgltattlE thsromglilj# Th®n tk® ftJMimt ©f 
18» 4mlysi.i of Fh^apliitt© Mmk s»a Sm|>«i»pli#sptoAt« 
.gjeyidt iQOk Smp#gp|i.#e 
m%&l Pg% ^ Sl.Sv. 
0. fg% e9.4.. 1,8-
kmllm'bl® fgog p.8 b0»©-. 
water was Again tli© eoatsiats w«rf wdll alx«4« ffcieii 
thM ikjdmt^niu was begsoi# 411 otli«r ©pefatlag ooMitlons 
w@rt til® sa» as fei* tii@ liqml4/sol,l€ rati© exp®ri»iits in 
ttie #iilfiu.3Pi,0 aeid. studies, 
Th& #mp«rl»n%al t«tii if siiom in fi.ble 19 iiii€ is e©!"-
relttti ®ia ftgw»s 17 mad 18# Pigmr# 17 indiefitaa that tli# 
aitregen jitM i® llttl® Rff®et®a toj th@ aaemt &t mt®T oi? 
Ii%wl4 plias# pr®®®at* Flgw© 17 ihows'.ttastt tta Xmmmm in 
nitwmgm fisM is tot am la if to th® Imm&se ia aaomat of 
•ttpsrpMtphitt# us^&m • ,m.& mmlmm yl®M of nltr©g»B ims oto-
»© ^obi: wer® ms«d# Pigmy® 18 IMiemt#! «ls© 
tia*t til® .of wit@r wstfi 'Ms littl# «rf@@st m tto® la-
%mm% in awilatol# Pg%* • lowewr, tli« data'has #h©wa tfe*t 
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m Figwtt IS# flgw# It .-tliitt a attftas# 'in 
tM «»©wmt ®f mM rtiults ia an Jln®i?®as® ia a»©m»t @f 
laitregam irlelt. figwa It simm als© tlaal jptwfilw #f %M 
pkosfhat* Tm» taken pla®® mnsai* tti# mp9wlmn%%t «0bdl.%l@ba. 
fli» awilallt la Wm mlgltml t©ii@«mt^a%®d 
4®«*»®«®®4 imm SS.l pm @®iit %© if #4 mi®^ th® lifdr®!* 
fsl® aai a.fflffi©a4«tl©.a f»«®4mr®» 
fall® tl» 0#apa?l®®s ®f ieraml aii4 e@B®®»trat®i 
smpefftesftoate fi»o«®.te®a 
lis* ^obs litroEsn 
liss# fm|j@irphoaphat® norwal smf®|- ®oa©# sttper-
pli©®phat0 phospliat® 
0 •r.8 
I 4.8 s«i 
g $ * §  3.i 
i §•0 s,0 
4 g,i 
S S»S i»6 
®af®i*ag®t f®s«l%» 
fh®!"® is a grmt aaomat of slffiilafltir isetwata tha total 
Blti-egea ®©fr®la%l©a® f®jp tli® b©i?»1 and @©a##at?at«<i »npm' 
pl&mplm%9 pr@®®iar«s. Ver %h® ^fttipp@®e @f •aplaasijilai; %Ms 
P®ls|» th® 4a%a ®f fall® il tea# tak®B Fig«up®s 1? 
ana it,^ 
•@4«' 
In tlj.« of aiditisml data it wottit m masmf® t@ ®©a* 
slaA® that i«pfrph@»ptot® litll® iip« %ht aitr^gesa 
fi#M ia tilt b|^©l|*g4s ant a»©mia%:l®B pF«>««4w«s» 
S» Hydro lya is toy rmiquImi emlfatt 
m wai %ba% « ©Mag# is ©fA©^ #f tfe« it»pa 
la %M toydi'olysis «a€ fr©e«ilu»® @f wltli 
imlfaFle a §14 as a .©atalyit algifel iapi»@?» %m fi#W« 
®it aisA a®fi@®ia%4©R api^aratms it i#a@»il&«4 m 
Figii?« S« ftem ©yiiar «# «m|j«3Piiatatati®s iraa ©awlai m% as 
f©ll@Wi t 
Stap l» IS $mm @f ®©1j« aai iO ira®i @f S.SS pap eani 
hgso^ wt aiifti r»a§il©ii mta^ 
aixing tiys ®@ba aad aalt^' aafefdyoma awaenia vaa 
added tm MQ aiaittai. fiia a«@niatl©a m» aawiat 
out at i?o@« ttmpaafatmra# 
Stay n* fht a&terial fr®ra »%ap 1 mi kaatai maiar 
flu* conditions at a @f f8 - l®0% 
fm a period of s© .aiamtaa* 
itap a» The Ml tafia i iw&m a tap i was aM@iQiatad i&t 
iO minutaa. 
ffea yatmlti mm aMwa la fab la 82# 
& <iaas»aa«a in yiaM m&f tha f&TmT .pi»©ea<lwa ia ladi* 
©atad %f t&a data of fa^la M* lo fwt^r wofk «» lad# 
Hi til tMf ratiiai. pi»#©aimra. 
fa"bl« 2i. t©rme©to Urdr^lFsii iiaA 'Jksm@nl&tim 
©®nt 
i^s» liQuid 
il>s» Atj eo'bi I, wm 
mn% 
1 mm to QS'iaiiii® 
i, p^p 
U9U% 
i.ta sa 4a . 1.0-
• '  . ^5.t . 1,1 
*86» 
• ^ .TO ^  • BifBiOf«i»f: ittifliiW : , 
fh® »tm44®s bi-t pi»©gi?®is«i %0 th® p@iiit wfasf# i% ma 
f«lt €»si3r«hl# %© Mire soai® toowledgf ©f"iii%fog®a eoateat Is 
tilt pffim#'! €>f iiimonla-i»@e©w]p|' ©a m l&Tgm 
teal# ©f ©|s«f«ti©a tM® Md to®®B i©ia® {jreviomslf• 
A ltfid-iln®d p#t witli li@iiifph«ri0«l b©%t©a ma a4«pt«i 
im b,ydi'©lf««i» mt#. ffe« ©ontftiatd « mmel pssMl#-
tjpt agitat©?. The pet ms st««m Jael®-!## gii-d was 
«ad«!P A^mpkmpi® pftstw# with a jptflm @oa4@ns@?t fh« us# 
©f * ©-onfeiamems hfte©l:sr«®r womld haw te®®a Mt 
th® e@st @f me ir©uM haw# t®# high i&w ®xp«rlW'Htal 
pmppeses• 
fh@ hydr©ly»«i? la « safeisfft0t®j?y rn&nmT ma€#i' feh® 
f0ll®wtag •@0adltl©nij 
(ll Weight 0# mm (thi»'Om§h. l/8 Ineh screen) « IS Ih, 
in) might ®f M*B$ p@w mn% IoSOa « S6 lb. 
Hydrolysis tsmperstw# s 95-100®C. The glsss 
l&«ra#»t«r ais^® slt»rii«t® eoatset wite tht 
Wi#r «nt w»t; oohs« 
(41 lyirQlysis, tla® s gO -ffldamtss. fla® ma hsgua' • 
wh®ra th# tsafsrstmr# rssehsd i§®0» 
lxe«ll«mt mixing ©f raw wnteyimls was' ohssr"f«4» fhs 
saa« wslght ©f ©©hi was used in sIl'rtMis. fh® Mtmld/s^lid 
rati'© wts fmrlsd* 
fh« «i«©iiiatl#a, ma esrrl«i ©wt la a eeiitinmoms eomntsr-
©wrrsnt awasr la « 4 iaeh elreul^r rltoh®n eon"wiy®r, 10 fest 
la Isagth# fhs mumjot mn%&im& a «t««a Istktt #ir©r %h# 
-Sf-
Imt-hMli- Ai iS'fiilt# stimil® ia^ tli# 
pMa«t 1% »«§ tliouglit.thjBt til#, 
w©ttM h#s% %li® aat«i*i.al and Wma .%h9 aw©iila-«©im-
•tollity aai i«pr©w %h& aM®iiia-ip®tov«rf 
fto.® aiAydremi «m©»la wat smppll«4 fr@m a aui was 
ibf »«ami ®f a faliteatai mlttm* 
fh& ®^iilp»int is m Wlgmm BO, g|, ant MB* 
la a Fttn ia wM®& tba lifmii/aolli ^ati# was t«.i la.-tli« 
fay4i'©lf»i» and. witli ».© axts-rMl iiaatiag ^ming aaoimia-
tl©ii p«iri©4., a pF©im®% ©•oatainiag f.,1 p@r «@ii% ni%r©g®a waa 
©totaiaai. In %M.s rmnt tba amoniatisa was wm. 
foi? al3©m% 4 h#mt» toafw® tata waa %ak@M» ffea was 'ifun 
fer a @f ©B« aat ©a® lialf Ba^iag aarlf 
fa?t ®f %E® waipiwf parlet# a faad rata @f ate®mt 14 lto*Ar. 
was ®%s®3?fad« mmrn'wm, %h® faaS rat# m^lai gwm%lj imping 
t&a tas%*i»ma. fr»@ affimeaia ms in 
VMm %h& mm ©fa^tlag ©» a |jife®i»at«>i*7 auala, 
a pr&im©% f t4> 
la aii#%li»i? mm ia wM©& %&« ttaaa at 40 patg» wat maai 
in til# ktatittg Jatteat, a pystmet ©©nfealalag S.4 ftf 
nltr&gm was @l3taia#t» %hm llfmit/solM. .rati® waa 
l.S in Warn fli® t«s% wat rma Si Miamtai 'bi.afona 
tb© warwp p®Fl®t #f 4 feowrs..» A .f««€ rat® @f 14»4 
waa liaia^aiii®^ tliromffeoml. tto® t®afc F®ri®A» -fM® pwQiM&t was 
falFlf fr0@«flowing aad no. aiamonia • w®.re @tes®i?"t»d# 
Hydrolysis Equipment on an Engineering Scale 
Fig, 21 Continuous AmmonlatIon Equipment 
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If iliieli h&m mr® ta h® ©f wilmt 
a# ftftiliiwi ©r ia ftrtiliier It 
Ifciat hm %Q « ftyi®®' ©f'ttits in mAmw %©• 
%Miw wltli e®*@f>eial. 1&® pF©-
wM®li w«f»« ,«miilB®d jfwtlitr w^®'s 
. . CD Produe% resulting from th® f@ll©wiiig li|r^r®lyiii ' 
and aaaoniation procedure: 
a« lbs# 8,8S p®i* sept IgSQi,' • S ^ 
'-11,1 T'wef' ''cofeia'' "'• 
te*^ hytJrolysis temperatti» • @© *» 
®» hydrolysis time s SO minutei 
d* En&monlation tiaie m 20 minutes 
e* .aiiimoaiation temperstur© « 50 
this product m.B tailed Product 4# 
( 2 )  Product resultiai from the following hydrolysii 
and ammoniation grooeduj^ es 
a, same conoition© as for ?rotm®t 4 eiieept 
th»t the aamoniation t«sp#»tmr® ms 
controlled at g49®C. 
this product waa ©ailed Produet !• 
(g) fii© product resulting from the awoalatlon of 
corncobs at a tenperature of 10®% ami a re­
action time @f is minutes# 
This product ims called Prodmtt f. 
rnmmm C84) itatei that the pi»ia«lpal faetora that 
influen## th® mklng of a fertiliser or other aaterial arei 
|a) hygrosoopieity |b) loss of absorbed moiatur® 
fc) reduction of solubility at a r«»ttlt of tempera* 
ture changes 
(d) cheffileal reactions b®ti»en toaponenti 
(«) formation of hydrated eowpouada 
(f) crystal transforimtioBa 
tg) applied preaaure smth a« that itoleh occurs at 
the base ©f storage pile# 
In the itmiy of fa«t©r» Ja)'aad {§} ia thia inwatlgation^ 
It If probable that mm of tha other faetora ^ waipe a la® 
atttdled ladlraotly#.' 
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•9i* 
ih©wi iji f&^l« 34 • 
Slat® pi*«©i«i©a @f tint EJtMalil mttlioi it 
t® ptr @#afe {S4h it e« fe® ®®nelm,S#i tht py®-
tm@ts imiwlf tttfel® to 4«e®»p®si%isaat» 
fatol# 24. lff«et A%ai#.spfe#ri® 
BEp®smf@ m fw&&m%a A, B# aaA © 
frodmeti 
'A ' • • a ' 
p#r ##«tt » at start f.S S#® 
p»y ©Hat I afta'i" tO 7,S §•0 s»s 
d«|« «xjp@tttr# 
nl%mgm ©Mag®, -0#2 0 »B 0•S 
p»i? mn% 
0» l|-gi?08#$pieltf 
fli® #f tMa @xp#riii«B% *«» t-@ i»W8tl§«fe® tk* 
h.|'gi?©a©.©fS.®ife|' ®f P3?©im9ts 4., B, «M S. 1% it w«ll to©«ra 
tbat a 8ak®i'« @@nfii%ioa iMpifet Ite# irilljtibilitf ©f 
f®rtills#i»s» 4©e0r4iag t© Mnai aai l@»i CD# a@istmi»-t li 
%h« gamming f*ot©F in tkt mktng &t leistiuNi' 
M&m ®«ki»g hj .folIeitiBg waji i'2)t 
i l) Gmn mmm me %® a#t toj %li« pr@0#s» ©f 
(21 Mf iii©?#«8iag attr&etiea %®tiNi.»E-
tUrtmglj. swfa®« |«R»|6it, ami ©faaar 
t©m%9. 
{5} Mf eattslag tli# ©Ffitali t© taail t®g#%h«r hj 
S'&l'&.tim aat r®e3?|-i%«lii*a%S.©a «» %k® tomaiiitf 
-tf-
©f th« nil? 3?ls#g aai fa Hi# m as 
tfctt m»i®rg©es el»ag«t im 
Wm p-a3ppes«« ®f ©©aparisonj ateawftaeiits wart takaa ©a 
@0i*ni©fes, iSffeaa® »al, aai Mlergaiiita# 
a.» ki&mmtm . 
fw® iiffaraot typas #f @toaa^ai?a w®i»a msai %© ©litaia two 
a%a@sij&#fas df iSiffaraafe iiiaiai44ty» e#iia%aa% wia 
©tolainai ^'msa iatmralai latt 
fh® m®at la %li« fi:rs|i wMth waa aallad 
ft tpiaala ®a®, ia a&ewa m Wlgutm iS» fills waa 
trnlt® aimilai" t© tka m® wsai % fa®^ aii4 iNtvia (Si), ffea 
iatwatafi salt aoluti@a Cl) wM®k waa p|a«#t la tea paa waa 
®@ap@i«i ©f tl»a f# Hewing s 
{in I HH^CX *#•«» -500" gSFSHEi 
l©0© gi?ai^ 
HgO «•((»»•!>» 5,000 
flia air m» kept ia mnM%m% tlremlati®® iii ©r€ai* t© appr#aali 
etmililsrimm tmiakly# ®i® taaparature waa @0atr©ll®i at 
' Th» relatiw .temiditf @f %to® ®liaa%®r waa axa*-
i®ai ami fomai t© fe® ?t»S' ,p®r e«,iit» 
^® a®a@{iS i^ia^ waa ©aiM tli® atati® 
mtiliaai taaaioat®?® whiak ©©utaiaaa aatwatat asa© t^mmulnm. 
ftoiptoat® ®©l.mti®a» fii® %e»f«Fatiir® wme all@w®d t# mry tw&m 
gO®§ t@ ao®0* 0¥®i» a tamperatura ra'Uge ©f tlii® am®mnt, Maw 
aaa M§w» (1) toai i&m€ that thm ralatiiw timffiiditf eliaagai 
littl®' aa alidwii fey tJi® f©ll®wimg- wlm®at 
o o o O 
o oQoO O • 15 
o O O o 
JL 
C±7 
^THERMOMETER 
THERMAL 
REGULATOR 
IS 
FAN 
^SALT 
^ SOLUTION 
14 I I  
23"-
HEATING COILS 
SUPPORT ROD 
DISH HOLDER 
SAMPLE DISH 
AND 
COVER 
Fig. 23 Constant Humidity Chamber Used in Hygroscopicity Studies 
•09» 
(a) At 20®C, tomiiitf m tX»f piP ®®iat 
(b) At SS®C, hmaiiity s tl»i fs? ©•rat 
(o) At 30°C, &m»itlt7 m titi pti? #»»t 
g» Pgoeedui'® '' 
®i® **» ms«4' fm %M astMMt 
C®) Q'fetftinst taf® #f ai«li sad mtm aftsr tl#«a disli 
laa4 eoM t© ®tuilllbFi«»-witife #hii»b«r i« wltieh it 
ims k9pt« 
. Ctel A4<1«4 tw@ gjriiM' ©f t&#-toj «at®3?iiil» gremad t© 
f®g« ft 0,039 iii.@fe t© tti® diili# la 
t# aaintaiu tJa® »»w awti&m mwm t@ 1^® atmoa-
phw%t & 4fS gyam wight ma fla®®i ©n tto^® laa-
pi® for tw@ atamt®»t • 
M Th® dish and wer® r®w®igfe®i la ®i»d«i» t© 
assure that ae immpi® wai l©st ia th» taapi&f 
pro#«ia* 
Cd| The dish ami eontenti properly shielded fr©« 
dust plaead in th® himidity ohamher« 
{#) fh® 8a»pl®i war® rawaighed at atated iatarwla 
of tim®* 
la the stati® aethod# oa® gram saaplas were pla®®d M 
SO ml# l>®sls®ra,# aad reading® w®re ta,te®a awry f®ir dayi until 
®<iuiliferi«a waa attaia®d# 
For both mtthods, all ruias wer® a«i« ia iuplieat®#. 
it lmp»ri»i'Rtal r»®m.it» 
a* ^yaaaie B3®thod> fypi®al eorralatioftt of^gaia ia 
w«ight and tii^ for the wriomi »t®rlal® are thowa m ^, 
Figur®# M afld iS« loa® of produota A, Bj, ©r 0 ®aai® t© 
efuilibriuffi* For purpos®® of fo^ariaon, fa%i® ts mt foriaed. 
fh« eompariioa was-iMid® for a ti» iatertal of 500 homra.# 
lEsept for th® ioyte®aa wial, all of 'th® orgaaio'»at®rial had 
allomt th® aaaee .gain ih weight* 
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and Temperature of 
-102-
mhu'm 
©©^ arisen' ©f • @f • 't&Tlmt • 
 ^ 'Hip&sst' %© a a#iyitlwliiaiii%|r ®f fi»s^  
and a Temperature of 29^ 0 
•fi»e ^ ""lEWlS ' • ' '"daklas 
iattrnRRl, migk%p 
i''"-
desoriptl^a 
Frsittct 'A • 500 • i»s' Bligmif mkeA 
Product 1 10.0 m% mk»& 
U' • 8.S m% ©aMtA 
Uilmgmi%9 • S#€ aot eak«A 
mjhmm »al ' ••'M-04 • et^ i 
Corncobs « 9,5' m% taktd' •• 
»im-
1* a»fea.©a» M  ant B f ,  
mm hmn m<i& 0f gMim im weight md Im «ll $«a«S| £#M 
imtmtion mn ©te««3pwt» mmemw mM %M t»s% mm 
All sigalfiaaat 4«tii ah&m im ii* 
4» Siif^usaion of til®. 'ga>amltg 
fM §fmmi§ fflsthQi in'.ifeiQli tt ®f. fS;tS 
'p&p m&t wM »intaia»4 slwi'lattt 
AmmdiQg..%0 Inrdtstyt I00,' aM'JLtir# ,(S8),, tii« gv®piig# 
tii*^ telaiiity.ia t&« %h® ,Stat#» 
tlliwrs «» «o»t. us®4.wi®®.fr0a liteemt St't® fi 
per e®at witli •a-m.'veirAg® @f ab©«t iS'p®» 'etiat «t 3©%#'' m&m 
til® «sp®»i«®Bt«l'^ ^©nditioai# ?r@Amet» tai g e@*pfti»®t 
t@ «®al, itai 
Iljk®l,t,»»4 Ci®| iMtir® gaid ttamt \iii#ftv©ip«bl» lygro-
stdfl® .pF@p»rti®S',«®ft litlA.witWa ®®3?t»la. Malts "fej atx-
iitg tht fd'i'till*®]? witia^ wgaml©;,, pr@dlm0t« wliith imm a Mgto 
fli® data^ iMltat® tliftt il»#<Ia$ta 
Jkg-M, ®ai-0 «dLght serv® at. «oMitl©ii®r8.# 
It i® miltetlf ttoit mwmw^i&l fmtlllmwM w©mM %® 
0xpos«d t^.-rni ®ta@sp]bt«,r® ©f 9l«f p®? <i®at: r®liitif« kmMitr 
for any fr«»t ItftgtM ®f tlMi» ' If th»' l8tt®f mm t«e# 'mm 
©f til® ©rganle alti'«g».n®©ms ««t®Fittl® .wM®& mjn^e ®»aiii@d 
Tue w®®i «s^ ftll®t® m t©adltloii®^® feeeami® ©f tfa® wmti. 
fwmtlm In %mm* ' f?©im«%s A aiii 1 m©& 
gt««t®3? ?«si®t®a®« t© mW f©F»tl©a ttaam i4i fra4«@t §, 
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falls i© 
©f lygr«»s®opiei%i®«, of farismi; lS%^©g»momi 
F®ip|il£i:«l'S lEp©s®t 
and a Temperature of 25°-30°C 
iime 
interval# to. 
ialii m ' iftmpi® 4®s@ripild!i 
mt end of tiine 
inttrt®I 
?r©dm0% 4. , 4g§ aoa- , atM formatl©ii,» ^, 
eaJked, and w@t 
•fr0am©1s ® SS*8 m&M f©r»atl©», fl.» 
Qa.k®d« t«n|i 
%M. 3.g#l mtii' f@riyitiOB^ 
iry, 
lll.l©rgitaS.%fi %$4k h&MVf 'ms»M fmrnB." 
tiea^ esstoiA 
SOf%«tR .•lii iiftm'ty »©ld f©rBt-». 
ti@a, iamPi ;0ak«# 
g0l?li@6feS iii . 8g,§ «QM fOFffifttlQtt, 
4aMf« 
-10'?-
&* 'MMng 
• - *iiii -eafets. It mm.Qt 1i© trllle# la « 
a«%isfa©-t«>rf mmm ftf-tlii® farm®!** , eatoS f«i"-
is %Q %hm pF©im0«f wMtf® it ii 
Witn ft sak«i, th# @®i% ©f preSttslag tiit .ftptlliseip 
ia0?«ts@s» 
flia pmrpQi« ©f %tii» part &f tto.# iawstlffttiea **• %® 
&.%%9T>mlm %lm ©aMng fc#ni®iieies of k, B, feM 0 and 
doapar® tlitlr ©aWmg wl%h ©thd:? ©rgaaie wit«ipiiils 
fta a^ffes-mi »®«l, MlorgHElt#, tad e©fn«©^a# 1% ms tl»# 
f®ma4 fi# inwstlgftt# to# ©aklng t®n4®a®|" ©f aSjE«g 
@©ntalsiii§ froimtti A «M B» 
Wltli %9 tim appli#d Mnas AM !©§• 
CS) stiitst & ps»®isiii?®. ®f IS fs% if femai »t %li» 
teas# <sf «. pil®, S© feo iO. f®®% All eateiag 
ttsfea wsf® ®@atw@tta nM&r « lo«4iiig of ig, p®lg« 
I*. Appara'tea itKi gg#e@attF® 
fm ®(|«lp»iat which ma m%A is »h&wn 0n Fig«y# i$# fh® 
s«»pl®-ii©l€®r wftS.® sttt-lRleos at®#! pip®, I. D. - l»Og ia#, 
flt%®i tad 10 s S%®®1 flut® al; on® tM'Sad <apm a* . 
%hm ©m®i» ©ad* fwmBum on tl» aaapl® wa® ®x®j?%«a h-^ m 
®%«®l piston ©a® imh wMeia. «n%®r®4 tb.® lampl,® 
h&Mm at Vkm ,®p®ia ®nA-» 
•im* 
Qmking %«s%s mm ©ari'ltd ®n fairly iyy m.t9Tt&l m& 
dn sit«t®i?itls wMeb. Md b«®a axpoatfi t@ a relmti-r® hiialdifey @f 
ftTiemfc 81 p®? etat for on# wmk$ 411 sftapl®® w#!-# §,wQum t© 
paai « s©r»ta with «n @p@ning ©f 0»QS9 iiicih«s» we-r® 
pla®#d in taking tmliei t®. » h«igiit ®f oe® imh «ai smtojaettd 
t® a prtsswrt ®f It psif# f©^ • p®ri®<i ©f 4t %li® 
®nd ®f ©n® wfttk, any saaplt wMoii ®a3ct«S irfts plttad ia a 
hyirftttli® p?®fs and %h« ermshing strength <l®t®rmla®d» 
fh«®r®%i§ftl s®iiti4®r«tio33is sf th® g®@a®%i?i®*l sh«p@ ®f 
th® mM w®r® ittT®a%igt%®if Mams ant l©ss |t) pr®s®nfe®i an 
afitqwat® ais©ttsii®ii of th® 'theoretltal eoniligrafcloni# They" 
#h®w®d that th® height of th® tak® shewM h# gr®atflir than th® 
diaaeter* Attmailyi th«y mi®d a eak® in -tiith the h®ight wai 
©n® in§h aai the dia»»t®r ®q\aRl t© two inshes. la this in-
v®stisati0R,. ®ak®i wtre d«i.ign@<l f®r a diameter of on® iaeh 
arad a h«ight ©f ©a® iath» 
fh« sigaifi©aat data art shorn ia fahl® 2f» 
fredmsts k., B, and G did m% eak® t© aay @xt«iit and 
0o»par«i i?®ll with th® ©th®r aatariala# 
fh® 4* 10-? f®rtiliz«r iaad@ freia prodtttti 4 ®r B, oon-
®®atrattd sttp®rph®sphat®, and potatfima ehlorid® did aot eak® 
Rppr®©iatolf. 
With th® @xa«pti®ii of pr®dmats 1 and 6, aa inoreat® in 
aeiitmr® ©oiittnt ©«mt«d th« ©th«r orgaaies t® ©ak® slightly# 
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WEIGHT 
PLATFORM 
PISTON 
-I" 
STAINLESS 
STEEL PIPE 
FLANGE 
HEAVY 
PAPER 
/ I I U II U K^TTTH , ; 
STEEL t WOO DEN 
PLATE BOARD 
Pig. 28 Equipment for Testing Caking 
Characteristics 
•uo-
feble g? 
0®klag atiults 
Smapi® 'Cklcliiii ' Wis tur®"" '"" 
content 
after 
1,47, 
1312# 
2.18 
7,80^ 
1#54^ 
4.33^ 
S*S# 
0.98 
13.84^  
1.ti / 
H,.4# . 
'P^esaw«'' ' •" CSt'"' 
to brQak , htlghi^ 
JiSli 
'On 
Predaet 4 S$ 
fpoduffe 4 gs 
PpQdiiet i : • : !§•• 
frotoct 1 tS 
fr04m©t C i§ 
?r04mofc 6 • • g;g 
M41oi*gj&alt# if 
Milorfaalt# 2i 
S©3rt>#ftn weal B3 
Benj'hmn meal gS 
Corncobs 
Corncobs 
25 
25 
4-10-7 wifcH A gS 
4-10-7^. with & 26 
4-10-7 with B gS 
4-10-7 with B S6 
.S#59 
8,53 h 
g.lS 
: 4»84h., 
W»©'«X' 
froa 
tub# 
piston"^ 
piston 
slid tottch^ 
pt«to.n mo ©«lc& 
no ©mil© 
f#l l  
plstto ^ 
.pl«t« 
pifton 
pistes 
piston 
,£®ll out . 
plstoa 
no ea-k® 
a© tak® 
mo ©alc9 
®S^ 
tomoii^ 
n© cake 
95° 
plstoa ' a© mk0 
piatonwfore® 9$^ 
^slia ©mt 
piston 
X 1/16, 
il. touch.® 
95° 
13/10* 
1 a/ii , 
I 
I i/ii 
'•Ill* 
fable m 
•(eontlsamtd) 
''taking''"""''""'''"'Wlatur'© KeiroWi' TreM 
Temp., content from to bresk height 
^ . tastj^ tnb9 . oake« pslg* In# ^ 
fplpl® .Siap#p« ' • • • g •• 
phosphate 2S. 4#0E platcni. ' iS ' .'f/8® 
Triple Super- v, q 
phosphate iS 9 ##2^  pl®ton<»«'f©ro@f S IS/li 
* Gft&d with uMWR top is^ irfao®! sertp@4 to 3 idicateci li©lght« 
pmhmi.  .o t i f la  mm-^t&Tmlng ' f l t tea*  
® S*ttpl,» slM ©at- as eftl£#-foi»Mlng tuh®- mn r«i-s#A.« 
, ^  Sai^ l® (a0ii*e«kiRg.)f©ll ©wt a® ©ftke-formlng t«.b® w»s , 
ralae-fi# 
® Cmks dlsinttgrated at slightest tom©h or with iribr&tlQa# 
Q&kB di»lnt#gmt®.d at fairly 'light tomh» 
® Iew®at reftdslJle value ©n hjdrftulit prtsi gang® w«i 
©qiiiwltat t© 98 psig. . 
 ^Saiaplt ms #:Xp'OS«<a to « rtlatiw httmiclltj ©f about 8|^  
f©r a per-£®i of ©ne wmk% 
•llg-
fli« data fi»0» th© lifgroie^pltity and eaking rums in-
diosfets fclaat prodttet# k audi 1 0OUM to© us#i not ©uly «s ft 
ac»i»@@ iQw nlti»©g®a, tout «lso fop eeadltionti's in ai»i f@i»* 
11 liters.*: 
!• Iitrog«a Forms la froiacts A, B» sai 0 
It w«a • thottglit to-to® of «e»«i®mlc int«f©st t© lnv®stigat® 
•' ••«:. 
til# mrlo«i- foFM 0f uitrogsri oentalnti la Fr^dueti A'l B, tad 
•fh# astfeot ©f SeMil mM DrtIs (fi) was mseAn fti# rtsmlts 
mm tatelstti la f«bl« '28# 
f*bl® iS# Iiti*og#B J'oras la Froiuets A, B, aii4 0 
. . fyp# 
Product 
A 
fr0du0t 
1, 
frodmet 
Q 
fotal I ?#d 8,8 S.5 
Awmonivm N 4NH^| 4«2 l#i oa 
Amid# S (•GOKHg) o,i 0*? ^ o.s 
Imit® S Csll} i.o 0,.f l#3 
Otli@i« f®i»»s Mm§ 
Ctey diff®r#a®«| M l#S 
It is mwj probatol® tiaat a larg® paft of ttm mnteewn form 
df niti'egtii -f©!*' pi'oiaet A was to# t@ amin#®# fli« .afflBionitui nit­
rogen la prodmet A 1« <|ult® eli®i© t@ th® eaXoulated irtla# <lu® to 
nlti»og#a In th® a'-wioaimm smlfat« preient* It would b# difflemlt 
to pp#di0t what tH® oth#!* f©Fmi ©f nitrogen in produets B ant 
e w©mM bt» 
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F» Gr#@nhous® Plant'-Growth T©st0 
of the important factors aff#cting th® wlue of a 
nitrogenous fertlllier ia th« availahilitj of its nitrogsn. 
Th© only method of showing th« nitrogen availability ia to 
subject th© fertilizer to plant-growth tests under ocntrolled 
oonditions* Sueh a plant-growth test was carried out* 
Th@ analyses of the ftrtilizera whioh wer© used ia ahown 
In fabI© g9# 
,1* frooedure 
The greenhouse test of nitrogen availability was oon-
dueted ui-ing th© calearelous subsoil of Ida silt loam obtained 
from a road cut near the Western Iowa Experimental Fam at 
Gaitana# This soil was seleeted beaauie of its low nitrogen 
eontent. ©le aoil saterlal was air dried and paaied fhrough 
a 4-iaesh sieve# It was then mixed with 00 per cent super­
phosphate at the rate of 1000 pounds of superi^osifciate per 
2,000,000 lbs. of soil (or 1|750 mg* per pot#)« The soil was 
weighed into l-gallon glazed pots at the rate of 3.5 kg» per 
pot and the various fertlllsser oaterials under test were mixed 
with the upper two inches of the aoil surfaee# A amall red 
clay pot was Inserted in the center of each 1- gallon pot at 
the surface of the aoil to facilitate watering# About 20 seeds 
of sweet Sudan grae® were planted per pot and the stand was 
later thinned to 10 plants per pot# Potaasiuai chloride wa» added 
s® 
4aAlfs®s of ia ?laiil-»0i»owtto. fm%$ 
fottl 'I,® %0*iolub|« i. 
4 f.i' 
0» S 0*0 
B ^ . s*s u& 
0.4 f.O 
a» i  0.0 • 
e (oont^tll O.f 0,0 
(»l4)gS0^ gu© 21,0 
Ml].org<nl1» • 6.S O.f 
miW&gm &t mj ai'bi'Rtti* 
Im 8©lm%ioa at thM ©f l?S ©f p@t a% 
tfe# beginning @f tM© @f «a«li tr«i>« f&i *».» 
©a Jias»eii li|, ifiO, aafi %ht first emtling wat liaf^a* 
%®t m Mif S#, 'ItSO,# fht •«e©iia emttliig *ii liay-wstei m 
inm» f, 1950. la te©tfe »g#i ft &t a^omt f Ineh .«»< 
«l®ft tto ioil fh# etiltlng* w@ip® la m 
Qmn at iS®a, f@r tw© 4«js« fhtsft w«i?« fow r«pli#*t®a ©f 
#a®hi a»a»i«4 im m yaadoaiiM itaiga. 
fh» awalyati tf %&® f®r%Al.i««F® ms«a la tli# pl*ftt«,gs»®ir^ 
ttf-tf at®. gli©m im fate I® it aad tla® saapl® iiaa-felfieatioaa 
ar® sM©«o 
(a 
(b 
(c 
id 
i® 
if 
Cg 
(h 
Ci 
P (k 
( 1  
(«• 
Cii 
iQ 
{P 
(q 
{r 
#li#sk 
(1^4)2304, 100 lbs* a/acr® 
(NH4)gS04, 300 lb8» i/aer® 
Milorganit®, 100 lbs# H/acr® 
Milorganit®, 300 lbs. l/acr® 
Product A, no amjnoniatioii #C©rganl® aat®rial. 
correaponds to j) 
Product kt no ainm@iiia%l©a #C#rgaaic wattrial 
oorrasponds to k) 
Product 4, m aw©oi«tii@», 'IMaJoSOa. 100 lbs« 
N/acr® 
Product 4, m aoaoaiati©©, imA}&BQA, BOO Ibi# 
»Aer® ' 1 « 
Product 4, 100 lbs« N/aor® 
Product 4, 500 lbs. K/acr® 
Product B, no aaaaoniatlon -^(©riaal® aattrial 
eorr®apoMs to p) 
Product B, n©. awonlatiOE #<@rfa.iil© wt«riftl 
corresponds to <|) 
Product B, n0 aMoaiationi imA)p$§M, lOO Iba# 
N/«or® 
Product S, m iOO Iba. 
N/acre 
Product B, 100 lbs* N/acr® 
Product B, 300 lbs» N/acr® 
Product C, no ammoniation ^CsrganJL® i«t®r4ai 
corresponds to t) 
-IIS-
Ct) Product C, a© taaoalati®!! ^ imgmirn aat®?!*! 
correspond# ts w) 
Ct} Product G, m amoEiRtlen# (MH4igS04, 10© Ifei# 
H/aere 
M Product C, Q©' |M4)gS04, SO© 
S/aer® 
Product 0, u& »p®enistlon# lOO H/aor® |w| Product C# ao a«@nia%lon, §60 l¥s* l/aer® 
•?@t tftft# .©©ntalnlng-material ilmtla^ t#'Pr©iueti 
Mf mA & mmpt feliat m awonlatioft tarritd out «®r« 
m»4 to itttdy tM« affdct &f tb® wgaui© ©outamt la tfet® aoil 
aai, it® Sttliatwat affaet m. tlaat-growth* 
war® »1§0 wiUi aamoaima^ aulfat® ia ®rd®F t® 
find out wEattor thtr® would tea eoapatitloa tiia 
orgaiil® mttar and tli® plaat 
t«. lEsari^iilal yasulta 
A fUM»r?.©f %h® two tuttiags is siiowa ta fab la iO» 
Pfe«tegi?ftplii of tba two cuttiaga ara found ©«• Figaraa'SS'aai 
SO.# 
i» .Biaeuialoa ®f yaaulta 
®3,a fea®ls for disamasion ®f th® axparlwatal data will 
tee aa analytia ©f tli® data aa |)ra,partd If llaate (IS) ®f tli®' 
Agroao^ dajpa^t^at of Iowa State 0©il®ga* 
df th« thr®# products. A, and 0# Product.A produe®i 
th# hmvimt fi®M» fli® total fiald fmm ^®4a®t A for tla® 
Mgliar aitiragan rat® toapai'ai wall wilfe aaaioaimii aulfat® and 
®K#®«d®i ti»t fro® Milorgaait®. M&mmp, &n t&« |§§.»®* 
-llf-
SftBlpl® SaiBple if." 1 Wt.©f tamp i® from ewtfeliSKi* Kffii 
IHt Deacpiptioft a#y® # 1 „, # 2, fotal 
1. i.iie': oam 
, i (MH4)gS0^ 10§ ^ •i.Sfi • l,7$0 ll#iOf-
1 (NH4)gS04 soo l-tfSf- ^ 19,©©« 
4 ^100 • i*fOi ItESl 
S ' Milorganit® 300 i#f91 • li«8S8 
' $  fTm*Ap m »l@ » 0»gi4 Q'^sm 0.674 
f .B® «g a o».ist O»0ii ••©•4S0' 
a Fy®i»4, a® 11, 
+ (®4'2®04 
100 ®»ii8 9*&44 
9 iOO lS.t.0S S,S74 19.027 
10 ?r©i. 4 100 6*Sli; 1#0SS fiitS 
11 300 lS»Sfl g;,gtO m*8Bi 
li n© iHg &• 1.946 0.429 g#5fS 
M i® ' . « l«fff 0»587 t»564 
U 
m 
Fr©d.B, no 11„ 100 
soo 
9»iS4 
13.118 
1*SM U..118 
%$*fm 
li Prod. B 100 2.593 ©..iff i*4ti 
If ii© ' '500 §»§m l,Of© 7#704 
IB a# Sl^ & 1 • .@^4 itSif 2*0fl 
li i© * ' g.01i O.iiO i»44S 
%m smmple It^ntlfltatlon list-# 
•Hi* 
BttBipli ' ^ M ilnplg 'ggoM' 4utj^i33gi 
Bo. P«s«yiptieii a eg# " # g ' ' fQtaj ' 
m Proa» 0, a© iig iQO i.,gfs ' s.sif 
-^(I^H4) so. 
gi 'io ^ * 3J0 if.sis ' i.#s84' m*sm 
m ' • ^100 um§ •'•©••sii ' ''g.i©'? / 
m • i# too • 1-#§SI 0.f.i8 4«'?19 
ieatioa® f®r Fig# gf 
"ffpp#!? Pitfay#-
!• eheelc 
g# Product A, no aFanonlatlon {orgaait muterial. ©orrtspondi 
to Product A, 100 lb. N/acre) 
S» Product 3, K'o ejr®onlation (orgtul®, material sorrtspondf 
to Product fl, 100 ITd, i^/acr©) 
4ft Product G, no amirioniatlon (orgaale material corresponds 
to Product G, 100 lb, -i^/acre) 
B* (mA)2^0At 100 lb. N/acr© 
6» Mlorfesnlt^ 100 lb. N/acr# 
f« Product A, 100 lb. Ivacr® 
®» Product B, 100 lb. is/acr# 
9« Product Q, 100 lb. NAcr« 
J^w&r Plotmr® 
1» check 
2» Product A, m ttmoniatioa (©rganlc fflatsrlal oorrtsponds 
to Product An ,500 lb# l/acr#) 
S. Product fl,. n® ftiRrrionlation (QrgmiQ aattrial'copraspoads 
to Product SOO lb. S/eor®) 
Product C, Mo airsraoniat Ion Corganic,, eorrtiponds 
to Product C> 300 lb. l/acre) 
ii (M4)gS04, 500 lb» i/acr® 
6* MilorgsnltA* SOO lb. l/acr# 
fm Product A, SOO lb. i'i/acr® 
S* Product 3, 300 lb. W/acr© 
9.0 Product C, 300 lb. i's/acr® 
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Plg. 29 Sudan Grass at First Cutting 
Saiaple Mentiflcafcleni fer Flg#^ $0 
irpftr fiotiir® 
1* check 
g,# froduGt A, m airoonlstlen (orgmnie material eorrespoadi 
to Product Aj, '100 lte» S/aer® 
S* Product B, no ammotaiatlon (©rgauie lattrlal oorrtspoaAs 
to Product B, 100 lb* M/scr« 
4# Product G, no amrnoniatlon (orgtoto aiatsrlnl e©rr«spon€s 
to Product C, 100 lb. N/gcre 
i. (HH4) £^^4» A^/fiore 
Milorgsnlte, 100 lb. iy'acr® 
)« ivac3 
Product B, 100 lb* i/itei?® 
9» Product Of 100 l'b» l/a«r» 
Lower Pictur© 
1* eh#ok 
2* Product 4|. no simnoniation (orgtnlo ntteriftl corraaponds 
to Product I., 300 lb» '^/&ore 
3« Product gji jao afflxsionlation (organlo ®«t#rlal eorresponds 
to Produst B, 300 lb» W/aore 
4* Product no aiTiHionlation (organic mattrial eorrssponds 
to Product C, SOO lb» N/aoy® 
§• (M4)gS0., 300 lb. i'i/acre 
6« Milorganlte, 300 lb. ly'ecr® 
7* Product A, 300 lb. N/kcr® 
8» Product 3, SOO lb. ^i/acr® 
9» Product C, 300 lb# ii/acre 
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Pig. 50 Sudan Grass at Second Gutting 
-igs-
nitrogen rat«t below that of aimnonium sulfate but exo©«d©d 
that, of Mllorganltt# In th® 300 Ibi. nitrogen rat«, it is 
probable that thtr® was sufficient affimonium sulfate in 
Product A to suppli" isost of the plant nitrogen rtqulrements # 
and it is alao probable that the plant would take the nitrogen 
from th# ammoniuai sulfate more easily than it would front the 
organi© produst. However at th© lower nitrogen rate, there 
was not sufficient ammonium sulfate In froduot A to take eare 
of all of the pljint needs# Here, the effect of the organic 
nitrogen in Product A was shown# 
fhe result® show that the greater th® proportion of water-
soluble nitrogen supplied in the fertilisser, the greater was 
the yield of Sudan grass* This relationship held for^both 
rates of nitrogen and for both crops, although the deviations 
mr® greater in the individual oases than in the totals. Some 
of tflae variability resulted from experiiaontal error and part 
was probably a reflection of plant response to nitrogen. For 
example, at the 300 lbs. nitrogen rate in the first crop, pro­
duct A produced about the saiat yield as did amonium sulfate, 
fhe asasunt of nitrogen supplied by fee former ms about suf­
ficient to meet the requirements of the first orop so that 
the relative availability of nitrogen indicated for the two 
sotjrces was more nearly the same than it was with the 100 lbs. 
nitrogen rate in the first orop, or with both rates in the 
•Ig4» 
®#©©n«i upopf 
Ifltli, ip®gard to product 4 iriie^e HO mnaiionlatlon was uaad 
©r where m iii®a©niijja stilfate was added, was »n iadiea-
tion of somm Mero'bi«l ifflmo''oill2:a.tl©a ©f nitrogen# ii©!*©, the 
yltW with th® i»afc@ of oi»gania aafctsr a4dition was 
lata than it was with fch© light#? rat®, tad tooth yislda w®r@ 
b«l©w %h© ooatr®!# It i« prohahl® that th® sulfuri©; 
tcid trestatnt.. ttsed in th® pr©p*rtttloa of this aatdritl hydro* 
ly2@i part ©f the '©•©llalosi© mmhmm to simp It sugars which 
wouM eftsilj be attmok©!! by miero-org6nl»»s, in th© soil^ thus 
resulting in iiltrog«in iiffliobilizs^tloii# 
As oompsred. to th© aaiaonlttm iulfmt® trefttiaeota > th©r® was 
littl©^ if any, eviiene® for aa inere&ae in relntiv® of 
the mmiioaitted orgaaie materials in the seeoni crop# Th« 
resmlts d© mt ntesaiarily aiean that no aitrogtn was b#lag 
from th# organic aetireta curing th@ growth of. th« 
80(smi&. QWopm fhe to#h«¥ior -of th® sesond ©rtp wmu s. funotioa 
©f the nitrogen amfply fer ho-th th® first and second cropB 
tmdtr th® ©©aSitions of th# ssxperiment. Tmvm la indisati^a 
that the "bthavior of the aecoad erop was laftinly a reflectiont 
of root r«s#r^es built up duriag th® growth of th® first erop* 
th® maaunt of aitrogen released from water-las©luhl# organic 
aoure«s a.uriag':-lihe growth of, the se-mnd or#p h«l»g tm 'Mall 
t© prodwod BMoh ffio^ifioatlon-of' the'yields# 
-lg§-
H. PRltlMimil eiBf. MAtlBM 
A. Itttroduetidn 
In ©r4«r %•© ^<$%eiemlm wiiefeher th# pfO0#si ©uglits to to# 
sawl®4 "bsyoai Vm pr®a@at #%ag«, it is a#©@s.sai*y t® amk® « 
pi?a lisilaayy ©.oonoiais # imlmtioa# 
Of th@ tlir®® pr®du©fc«. A, C, wMeli b®®E im-
witlgattd t«lt« to#r©'aghl|', frMuet A «ppt»i'« to- b® th© »®t 
promising frem th.® stunapoint ®f iti ui« ts « primry f©i»ti* 
lis#r or «® it iupplief ©f Ri%rog@ii i» tim mixed fertilizers. 
fli« 4ttitifi#itti©n§ i&w stltefcing .Preteel; 4 mmi 
(3J Gooa cmUlng etotara-oteriicfeies 
(g) 0ood hygip0i.@0|tie f«»:iiti@s 
Containt iiigii •©on.s^ntration «f ai^rogta 
(4) Its ttitf©g®B is «¥ail»tel© for pi«Bt'--gr©wtb as 
iRdie&t«d toy th@ plant-growth ttsts 
(Si fli® pfcicsss for making Product k is a©% a eom-
p3.i©at«4 Qm 
(6) By th# kydrolyiis promBSf the aulfuri® acid has 
fix®<a 3.0 pejpetat ni%mg%n ia %lm ©film-
lesit strustmr# 
•S. • Dssign Cf©n4il!i©ni 
Itt fixing %im til® ©f th9 pluiat, it mm tiist 100 
•tons t®ra®©bs ©f 8 pmr ©@»t moiitmr# ar« t© te«. 
ptr a«y» til# plan is t® to® i©@fife«d at kmm, X^mg it 
w*« that tii@ plant will fe® @00 days p«3? jmitm 
fitbl# 6 Ms i.li©wia that tli# 14*8 per ©fat IgSO^ is 
tMn tto,« S*-g8 pcj* 6#»t KgSO^ ®f' it .i«Tiag in-«tmp#rsti©» 
•186* 
©xpenf®* Othti? slgnlflesnt operatiEg duta used In this 
ana ly a is ar® as follewss 
!• Acid ooncentratlon a 14«8 psr e®nt HgSOA 
 ., Itos# HgSOA/lbs. dry eob « O.g 
3. Yield of N • 0.079 lbs, N/lbs. dry ©rod. 
^ 0*0948 lbs, M 
^ X^3a ,. ' {ipj 00^' 
4« £&i* organic NA^®* total K ^ 0,S8S 
§• lydrolyiis will take plac# at 100 ©O 
 , Final product will b© dri®d completely 
0» Stmariai^ of Ifli® Coati and Sales ¥alu© of Product A 
Th® operating costa ar® shown in Table 31» The total 
operating cost as found in fable 31 is fSSlt'TSg per year* 
In computing th® sale® value of tht product, three 
different bases were used, ^he wlue of the product w&a 
eoaputtd on the baa la of the cost of nitrogen in 111© oojnmer-
olal fertilizers, anaaoniuia sulfate, aaraoniua nitrate, and 
Milorganite* Although Miiorganlte is a 6'»S»1 mixture, the 
effect of its PgOg and KgO amounts wa® accounted for by 
reducing ita coat to the lias is of a 6»0*0 mixture. 
A auBSfflary of the eatimated retail valuei are aho-wn in 
fible SE» All unit eoat figures were obtained-from the pur­
chasing department of Iowa State College* fhe coat figures 
are for bagged mater;^l» 
D» Discuss ion of the Kesulti 
A favoi^ble economic t»lanoe was obtained against 
aBffiioniuni sulfate and Miiorganlte, Product A should be able 
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FroMtolts Selling Wwlmm '©f Wwmmm% 4 
Cost 1, tot# I • • total ^ Im® Op©i»«tlag 
l/tsa 'per jr*-, ©ost.» , 
tons |/y@«r 
Vni% Goit, 
l/tOR 
CAm®®, lowi) 
Mllorganlt® 
&a 6-0-0 
64.00 
69,4.2 
37.00 
soe 
198 
617 
gfiio 
2il0-
2610 
788,000 
517,000 
l,6lg,00€)' 
5S2,0©0 
6©B,000 
Dlffe3?enc© 
for sales, 
sdralnlstra-
ti©n, fixed 
©harges and 
profit 
Sotal 
ton ©oto 
gSS^OOO 7.86 
^ -5,000 -0.17 
SSS,000 1»€)60,000 3§#S0 
f/feon 
N-
00.40 
-1*98 
406«00 
-Its-
t© ©@ap#t« tmi%« afainst %ht ««Xf ®f lilergftalt#• 
#©«% PrMw-st A t@ a 7»8-S*l •w©mld ¥« lew# ®M® 
fla»"l»fr6wtaa tes'ls hair® shown that frodmefe 4 is 
litttdr than Mii©s»g«n4t®. 
4s wmi pmvl^mlj, the pretess fix#s abottt 
S#0' eftiit ©rgftBis- nitrogen# An importiiiat fas tor is Ish© 
©ost at Qornoobs. If th® soit of ft t©n of eofe® sheuia 
iipppsaeh tht ©oifc of itett ptr ton ©f e©¥i, th®n fch« atwn- •: 
t»g# of th« 'hf-droijiit-amonlRtion pwmm§ mm a pur« 
tBimenlA »#mtrftlii«ti©n ppoetas i® not so ©«rt®ln# 
ymmmrt th® «p®riwfintal datu ant th# ©ost analjsls 
Imatlfy ftirth«r inf»stl.gation ®f Mi« pr®e#is ©n « Ifirger 
scale for tht' pwi#a® of ©sta'blishiiig iiQ©mrat@--optrmtlng 
and 0©st iftta*. 
-ISO-
X. ooMCMsioia. km HioomniBAfiois 
th.® foll'owittg ©oaolusions ar® aad® from tht for# go lag 
l« A prod'utt oaa to© «d© "tij hj^vQlj^ing grottai o-orn-
eo^ba *t ft ttmptpatw® ©f 95-100^0' with Ailmtt atilfwi©-
sold,, prtferablj 2.4»S^ Hgi%# wlt;ta. &. llqwia/aolid'-
rati© of l«4| f(&ll©w#d. mimmlet l©n at atms-sphari® 
ttmp#rattai»@ and prtsamr# (Product A)# Th@ prodmet 
eowtftlntd mbout f tf per Qm% %©taX nitrogen of 
68p»r t«iat was wat#r-«ol«bI@ nitro-.g^a# 
g# §r«tniiotifi® teats indieat® that Produ@t 4 ia a better 
f#rtlll2«r tJiaia th« eo»ia»r®ial lllorgaiiit®* Ita 
Eitrog«a eORtent is ®ia,ffiol«ntlf high, t© tttk® it 
smitfibi® for swpplylag aitrogea in mixtd f®rfeiliB®ri 
68 w@il as a@rvi»g a® t oonditioutr. However» Produot 
A w»a not as good as aaaaonium arnXfat® in th% .gr®®n-
lious© t@8ti» 
Oti til® basii of iijgrofoopioity and '©aking t«ita, 
i*roda©t A appears to b« auitatol# as' a eowditioner 
In ffilxtd fertllizerrs» 
4. f©sta on a piXot plant seal® showsd that froduat A 
©an b0 aiad# oontinuomaXf without aajmonia Xois# 
5» fh® li®»ie©XXuXosia miBteriaX for Htaking Product A 
is not restrioted to ooBaoobs tXoia# la th# attalment 
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of 0®ntalaii»g high ««©taats ©f Qrgmni& 
aitpogflra ©©ap&rftbl® to thos» oljtaiatd with ©ops-
.©oba h&m b#®a obtalntd trm ht*ls«llml&s,le'*e©Btttin-
Ing a«ttpials s«ek m ©fit-htilli and ©©m*liulla» 
St fb« tts# ©f Allttt# pli©sp3a©i»le ft®id# noya&l smp«r* 
phmphmtt^, @f e®n©@ritrst#i 3ttp@i?ph©iphmt® for amkiag 
FmAmet A dM m% pkMum pr&Mmta &0nMinimg high 
• «aoiin%s of ©rg«.iit0 nitr0g®3O# 
f# 4 predtttt eoiit«ini»g prinelpftllf 
iilti?'@g#a eaa b® waA® In ttot® sft»a maim«r as 
4 if th® AfflmoRlftt ion li <$aiTi©i ©ut at ® ttaperatw# 
©f g4®®0 iasteai. ©f «t jp©oa t#iap«i»ftt«.a?® C Product B|# 
fh# froiwel; e©tt%aln«d S.S per ©«»% total aitrogen 
•©f *i©l3i about Si.4 ptr ©»nt wm •stiMttd t© b® 
organie mitr^gm and about 18.2 p«r t««t ws wmt®F-
s©lmtol.« ailro^ea# Its ui® fts a f@r%il.ig«p was pmp 
AS o©apar«d to Mi1l©:pgfiBlt® or f»auot 4# Oa tin® basis 
©f hfgyose©pioitj an€ mklng t@»ti| 1 8p-p®ayi 
t® bt S'ttltablt aa a Qm&itl^mr lii"ffliE#fi ftrtilisstrs. 
8, A pr04u@t ©antaiaiag all wat®r*iBi0lubl@ alti'©g0® 
ean b© ai«4# by aaaaonlatlng »at«i»lftls at 
a ttapttratttfe ©f S00®0 (Pfoslmet 0)* fh» pyaimet 
e©iitftl»«<l p@i»e«iit total aitr©gta Qi lixiah. 100 
par mu% was astiaatail t© b« ®i»gaiiie nltmg@n* Cfe 
•"IS 2** 
the hmis ©f hjgfesoepiolty and making t«sti, 
F^eduet 0 appeari %0 %m switstol# «a a cdndltloatp 
in ffilaieil ftftllliera# 
fli@ pioposed pr®8Sia for mmfclag froduet 4 is 
tO' 'b® ••©©aoffiietl as ©©aipartd t© tiBiiOjaittm 
smlfmt# and Miloa^ganit® aa s©uy0«i of nitrogen for 
plmnt'^^growtH. 
It Is r®6®i5a«n4®<l tMt th® us« of Prodttst A m «n animal 
f©M fee A.ls@, fuT%h&w atufiita oa %h» pr®tootlon 
0f frodmet A ©n a pilot plant seal® nr© rtQOOTienied. 
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XII. AGMWWISMlffilf 
fill# writer «eknowl@%«s tli» «id ani son-
iiiti-gitlen liaieli waa girm hf Br# 0# L# Brldger,. wh© i«gg#»t» 
©a tb# orgiiiftl pTQhleMt 
fMatai dm# Di»# C* A. Blael of th# kgmmmy 
f©r Ms t»6a§@m®nt and analjsis gF®«niiQus# 
^t@sts« fli© »M wiileli muj in th@ 
®Ep«ria#at«l. work was ®fpr«©iat«d» 
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XIII. APPIKDIX 
A# Dlssooiatlon of Aamonitaffi'Phosphstea 
Dlaaoolatlon vapor pr©saur®s of the amaoniwHi phosphates 
as taken from the literature (70) are denoted in Table S3» 
fable SS 
DissocSation leisures of Amaonlua Riosphates 
^ " '' Vapor Free sure. aa» : 
Compound ^ lOQgfe" llW 
Sl4Hgf04 0,00 0*06 
CNH^^glPO^ S.OO SO.OO 
Cm4)3P04 64S.00 im.oo 
Table 33 permitf ua to investigate further the disiooiation 
pressures at other teaperatures in order that a correctssample 
drying temperature may be selected#. fhe equilibrium constant 
may be ecaaputed 1:^ the expressions 
K » (19) and K . |(m^)oHP04 (20) 
Because the wpor pressure of the solids are relatively low 
as csompared to tl^ aaimonia -mpor pressure, the eqimtion for 
the equilibrium constants reduce to K « 
fhe equation (33) dial p g g (01) 
•3,4g» 
wMr®# 1 « eonstant 
Al 'e  l i#«% ©f d l iao-els t lon 
'E z gftS coinitant 
m&j to© ti®#d for tuiculatlng hiats of wastloa froro ohemlcml 
eqaillbpia aiad for salculatlng ©qullibrltm constants at 
di f ferent  t tmper t t tmi '®®» Ov#r  Bam 11 v%ngfiS,AE 
osn b© ft®swa#d to b« Qmrntmnt anfi iRtegratloa of %h0 mbO¥® 
e q u a t i o n  g l ? e s  I n l p  •  * i f l l  X  - h  Q  ^ 2 2 )  
'fill® ia th# #qwati©n of a styftlgfet lla® «M the d«tA of 
fabl« SS permim llsit l©$«ttloa ©f tw© polots m this liE©# 
H®f«r t0 flgmp® 51 for ©©Frelation® of 1 wltti 1/f# from 
flgttr© il# €ia»0®iatlon prtssur®® foi? «i« il-namoniwa aiii: 
p]b,©tplis.%#s msj be calculat«d# Computed dla* 
soelatlQii pmsamss &m plotted on flgiir® Sg. It Is evidtnt 
fr©a figttF#.ig that ft ismpls drying tamptratur# of about 60-
will b« ii«©®iaa3?j» • lxp#i«lia«a%al data whleli wt pr#s©n%®d 
©SPUDS' in this inv«ftigatioE, bAs.wrifltd th« sbov® analysts# 
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